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Abstract; [ Objective] This study aims to determine the eutrophication status of Shahu Lake, Ningxia Hui
Autonomous Region, and to calculate the environmental capacity of the lake for major pollution as a means of
providing a basis for reducing the pollution load and improving the environmental protection of Shahu Lake.
[ Methods ] Water samples were collected in January, April, July, and October during 2015—2017 to measure
physical and chemical parameters. A comprehensive eutrophic state index was applied to assess the trophic
status, and the Vollenweider and Dillon model was used to analyze the environmental capacity of permanganate
index(CODyy,) , total nitrogen (TN), and total phosphorus (TP) of the lake under four different water quality
target scenarios. [ Results] During 2015—2017, Shahu Lake was mildly eutrophic in spring and winter, and
moderately eutrophic in summer and autumn. In scenarios two and three of the water quality targets, the
remaining environmental capacities for CODy,.» TN and TP were zero. In scenario four, the remaining
environmental capacity of the lake for TN was zero, whereas that for CODy, still had a remaining capacity.
The environmental capacity of TN had a surplus in 2015, but this was reduced to zero in 2016—2017. On the

basis of the water quality in 2017, to attain class [l water quality requirements, CODy,, TN, and TP should
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be reduced to 655. 97, 39. 27, and 1. 41 tonnes, respectively, which correspond to reduction rates of

112.89%, 45.58%, and 37. 60% ., respectively. In order to attain class [V water quality requirements, the
CODy,» TN and TP should be reduced by 0.0, 15. 83, and 0. 94 tonnes, respectively, which correspond to
reduction rates of 0%, 18.37%, and 25. 07 %, respectively. [ Conclusion] Shahu Lake has certain degree of

pollution and has reached a state of eutrophication, the environmental capacities of CODy,, TN, and TP in

the lake are greater than the target requirement, and should be managed and protected.

Keywords: Shahu Lake; eutrophication assessment; comprehensive assessment; environmental capacity; total

pollutant control
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LRE a WEARALTE N 14, 07~22. 1 mg/m” 5 i 5 R ARAETE Iy 1. 19~1. 69 me/L; S AL AL L
AR B BTG N 6. 58~9. 45 mg/L; SR HKE 0.05~0.28 mg/L.

Do

R4 20152017 F b KA R L FE AR 4R AE

[ o S - —
e wme o onm RO TR B el e
HEH S 8.77 42. 00 16. 67 7.23 1.25 0.10
oS, 8. 84 41. 00 17.28 7.48 1.28 0.28
2015 55 S 8.79 38.75 17. 67 7.93 1.43 0.13
FREIX S, 8.63 38.75 16. 83 6.90 1.31 0.12
sk S 8.76 37.50 15. 20 6.58 1.19 0.10
HE5H S 8. 60 38.75 14. 07 8.00 1.57 0.09
B S, 8.52 40. 00 14. 24 8.25 1. 69 0.10
2016 5 S 8.55 39. 00 18. 10 8.53 1. 69 0.12
FEIEIX S, 8.55 38.75 16. 26 9.45 1.61 0.11
[ SN 8.51 40. 00 14. 83 8.18 1. 49 0.09
HEH S 8.79 46. 50 17.70 7.10 1. 46 0.06
WMo S 8.71 47.50 16. 40 7.18 1.45 0.07
2017 5 S 8.75 43,75 22.10 8.13 1.63 0.08
FHX S, 8. 64 40. 00 20. 20 7.23 1.48 0.06
wk S 8.63 40. 00 18. 30 7.15 1.35 0.05
2.2 EEFLEAITH AR R R IORE 2 . W SRR

U B IR IWA OR B B RPN brifE . SR EREE AFNREFERML. E KENDER
TR AT IFM AR UL R 5. 20152017 4R Vb ZE B IRE. PN TE SRS ECR W I E SRS
BRI BIIAE 50~70 Z[HL P WE FRIREK IR IR s U S W

£S5 DHEEFRKRSENER

H T B EFREREE(TLD

Il WG E a B B i 1 i T T R
£ 47.45 56. 64 57.67 64. 63 53.55 55. 27 % S
# 43.99 53.74 53.23 66.41 60. 54 54.63 R FHA
2015 % B 63.13 63.33 65. 10 75.19 66. 68 66. 38 R SR
% 57. 41 57. 60 57.16 72.22 58. 35 60. 29 R E SR
£ 46. 23 56. 64 60. 66 64. 24 53.47 55.4 % S
2016 £ & 45.16 47.55 55,71 67. 64 57.02 53.79 B2 B Ak
= 61.47 65.58 63. 34 78.55 61.55 65.72 SR
e 57.42 55.61 68. 31 69. 45 59.2 61.56 R SR
£ 55. 46 52.51 61.29 61.75 51.71 56.41 2R
2017 & % 43,47 33.79 55.1 72. 69 54,92 51.19 YR g
= 63.3 56. 3 54.5 72. 69 55.75 60.75 B 4k
7 57.4 48.12 69.16 64.55 54.21 58.49 % BB L
2.3 KHREBREHNW FK B HAw 5 1 5 = R 5 B AR IXOK BT H AR 25K

KIS T R ATE AR R KR BARE 5 FROBREEA HD RS K PREE T b vk ) (GB3838-2002) Hr [[125 7K
L AEBRCE LUN 4 FOK BT HARTE S WS —RFFER BRE AR 15 00 - A B CHb 2K PR B 5 AR ) (GB3838-
IKIEAS AL B K B 45 0 H AR SE FEUIROK B HS 5 2002) h VKB HER. 70 2015—2017 4F 25 5 #2 4
TR F K BRI B BR vE ) (GB3838-2002) Y FRT 4R EK A A AR KA AR ILE 6,



276 7K AR 3 4

%39 &

K6 DHMARERZETELER t/a
By KABERRE BHR— p g 5 = gy
TR ISR 570.02  —953.53 —7.23 1885.37
2015 M A 75. 60 29. 30 58. 60 87.90
Mk 8. 44 1.47 2.93 5. 86
EAETRERIEEL  669.49 —1450.22  —503.92 1 388.68
2016 M A 94. 35 29. 30 58. 60 87.90
B 6.09 1.47 2.93 5. 86
EAEERERAS R 581,07 —1008.71  —62.42 1830.18
2017 M & 86.15 29. 30 58. 60 87.90
B 3.75 1.47 2.93 5. 86

2.4 SHRYEBREREHBR

15 Y W HE R AR E AR RS BB K L A R
. =& B R m . &AM T RBIR K, & 9F EA S
B [F] 5 G 4 3 B K OF- 0] BB A R B 5 ] E bR K
I A K B AR BA A 2. R4 A AT T
FEZEI, ] 3K B 15 Y 0 110 0% B i 7E 6020 ~ 80 %
a1 I% PO S A R B N2 e L e

AR VD W K IR S R T 45 2R, DL 2017 AR B
TEAR g HE 20 06 190 PR 25 6 o 1 2 U0 ) 2 2305 e ) o 4
i £ 6 5 R R R Y L L E BRSO LIS e
i A S B T G ) A U R DR L A TR LR T RN
8, VAR A RGP XK H bR 22K, Bk F)
( Hb 27K BR B 5 A UE ) (GB3838-2002) H [T 28 7K J&
H b - 5 4 R 5 48 50 B ZUR B 8 (% I 8 & 655. 97,
39.27,1. 41 tL 40 He B 43 3R 112,89 % ,45. 58 % Al
37.60 Y0 ; b il ik B Hh 2 /K ¥R BT R 2 b fE ) (GB3838-
2002) W IV K BT H A, e B R 6 48 £, B AURD BB Y
HIl s 0,15, 83 10, 94 . I L i 43591k 0,18. 37 %,
25.07%,

x7T WEHEEAMBEREHBERER=E

S| 5 i T2 k46 4L B JeN
TSy A S/ 581. 07 86. 15 3.75
gHi5HE T/t —62.42 58.6 2.93
S A H AR/ —74.90 46. 88 2.34
TH U A /1 655. 97 39.27 1.41
TH R B/ % 112. 89 45.58 37.60

8 VHEEMERERMBHRUEREID

A MRS EE  BA B

BB ARSR/(tea ) 581,07 86.15 3.75
Yishe S/ (teah) 1830.18 87.9 5.86
SRR/ (teah) 1 464. 14 70. 32 4,69
W/ (tea™ D) - 15.83 0. 94
T L/ - 18.37 25.07

3 ik

(1) 2015—2017 4E Vb 1 25 & 8 R IR A 8 B 1
50~70 Z 0], Vb 18 FRR K AR R E B b EE 57
REZE . DBEEFARS, BEERF LFH
BRESERM.E KERPETERMA, LR TE
FRRSFEECb V0B IR RS e R E B K
AT, B 2015—2017 AEVD I R E 3R
b 257 AR AL R AIE B 2 PR VD T 1 b K K TR Ry
BT AR SRR KK B E AT L BE B R KR K A
A B SRR AW L AS W SR B 1 91 7K K BT AR
TR RN E S Rk, AN IR R TR E A
Jite ViE S X, A L Bk 2 ok 20V 0 R Wit 1) N AN W
T4 K 5 e i BV L R 2 BFUTE RS 1 AR
YRR R R, VDI E AL/ BB 20152017 4RO
PIHAE M 13,55, it T IR K#E2ENIg N/P {H (4
JT) . S OKEON/P KT 10~15 Bf .k P
SRS S R AR R M SR T R L Y W i AR
PR T, BR A P oG R i A U K A B
B P OU R NIFEI M A S EE
PR hn TR

(2) MRYGV KA B A B R L5 52015 4F 1)
T 3 2 7K R 855 B A v ) (GB3838-2002) 1 TV 2K /K
T H AR e A R R 1 R A U0 K PR BE A A R A
I, 20162017 4F V0 ) 48 M 3R K B 5% T AR oE D
(GB3838-2002) v IV 287K it H b5 T 1= i iR £ 48 £
KABERERA R A, BANKAEAEER AN
0,2015—2017 4F Vb 1) £F ( 1 3 /K PR 55 f 2 b )
(GB3838-2002) 1 IV 2K it H #5 T & W 1Y 7K B 58 45
ERI RN 05 75 F K IR BE T = A5 1fE ) (GB3838-
2002) 2K 5T H AR T w5 4 R 5 48 250 B 20R B i
MK AR A ) A i # R 0, #E 2017 AR 7K i 3R 9
FER L4 1 A R 4 5L R BB Y HE A ik B
(27K BR 55 0 2 A 1 ) (GB3838-2002) H [ 2 7K Jfi
K E AR R L BT I 655. 97 ¢, I U8R 112. 89 %,
SETEHI 39. 27 M IER45. 58 %0, M T I 1. 41 t,
TR 37, 60%0; 1k ) (M % UK BF B & bR UE)
(GB3838-2002) H1 IV & 7K Jit 22 5K , e i R b 45 B4 75 H
WO IR O, AT 15, 83 ¢, I 18.37% .
ST 0. 94 I 25.07 %,

(3) 75 = W AN PR 15 Ye B 16 BF 92 LA B v i1 52 B
00 BELLL T 15 i« DAV Sk 13k 2035 e 9 i A AL
S8 I 5 3 V0 T 1) it i A LS B L E IR A KRR R IBUR
YRUAR rp A BRI VA B 35 bR S R # ST 0 R AR S
B 471ty i i X b 2 A% A 1 B RR R R K 8 T



CHER

22 IEBRAE - VD) B0 K B0 A B RS e ) S A 277

Il AT G s [T oo e 0 AF 5 0 8 8 UK
IS5 AR AR B 1k e AR 7K A 55 R AR TG e A

L & % x @ ]

[1] Phillips G, Kelly A, Pitt J, et al. The recovery of a very
shallow eutrophic lake, 20 years after the control of
effluent derived phosphorus[J]. Freshwater Biology.,
2010,50(10) :1628-1638.

[2] Guo L. Ecology: Doing battle with the green monster of
Taihu Lake[]]. Science, 2007,317(5842) :1166-1166.

[3] Xu Fuliu, Tao Shu, Dawson R W, et al. Lake ecosystem
health assessment: indicators and methods[J]. Water
Research, 2001.,35(13):3157-3167.

[4] Yu Tao, Zhang Yuan, Wu Fengchang, et al. Six-decade
change in water chemistry of large freshwater lake
Taihu, China[J]. Environmental Science &. Technology ,
2013,47(16):9093-9101.

(5] farfEst e, 255, 5. 47 WK 0k 2Bk 0 o A
FRAE R H BB R M LT ] R 54 R, 2010,33
(8):45-48.61.

[6] Baulch H M. Asking the right questions about nutrient
control in aquatic ecosystems[J]. Environmental Science
&. Technology, 2013,47(3):1188-1189.

(7] k.28 0, AR IR, 4. = I K I 32 3 I K X8 R &
FAT AL ] B EEFRF4,2009,30(1) £ 64-69.

(8] AxAHAl. Wi & & Fefb i i A B RTM. b mt fh 2
Tolk H it , 2001,

(9] F&E.BEE, EMau, 5. 5T & 5 7510 B 00 4L H)
IRIRBEA M L] IR, 2006,18(5) :503-508.

[10] A5 A U Bk Bk A 5 A48 [ M. b 5t b 5t Ui ok

£ RRAE L 2008,
(1] %k . g m 7. 7 20 W D 4K B A2 A & ¥ i ).

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

IK AR R . 2011,31(5) 1 246-249.

ENE X BERS BB L 4. T B U X R X Y A S ER
B lo) 055 %5 R [T, M Mol K 2 4R A AR BH2 R
2001,25(3) :89-92.

L2858 BB B3 %, & . V01K IR & 8 32 1k vR 0 R B iR
o T]. FRX IR 5 H5.2007,21(2):118-122.
WL EUNER W 25 T B WK A E SR
Br5 A LT ] WAk B2, 2010,49(10) : 2414-2417.
WRET 5K B, R0, 55 T EOF B U K IR B SRR AR M
RRAE 43 BT B By v % S LT ], 77 B ARMRH 4L, 2016,57(11)
56-58,63.

TR/INAR . A A AR AR K R B IR AR BT M B 4y
[J]. ke 2424 75.2012,33(5) . 20-24,

TR X, ik . 0w SR RN R R
RhRfELT ], o E PR W, 2002,18(5) 1 47-49.

S AR EIA BRI IM . 65T PR R, 1995,
o B RS R 2 R 4y, i AR N IR S R K T A
BRI BJF. GB/T25173-2010 /KIS 44 T4 g 115
FURELS]. db gt . o A7 #E H AR, 2010.

BB, KPR AR S e K FH M. db o
R hAt , 2010,

PSS RS AN N R YN AR | RE e 5 R Tl =
TR R M. GB 3838-2002 M 3 /K 385 R AR fE[S .
At E AR o MR L 2002,

F IR 5 B AR A 45 T /INAL I R A AR R K K IR S
Pedrtr BRI, K 3C,2015,35(4) :42-46,19.
Martin J R, Keller C H, Jr C R, et al. Long-term per-
formance summary for the Boot Wetland treatment sys-
tem[J]. Water Science & Technology, 2001,44(11/
12):413-420.

XUAE 2 A, T Ha Atk =k R X e ek K 5 R
G AT, BB R, 2005,26(4) :95-99.

(E#% 256 )

TE 0 - 25 B A RE. 2000—2016 4T B B /R 18 R i o 7
I s AR LR RSN A MM LT ], o Al K2R
2018,23(06) :121-129.

ZETH R - KK 3 . 2000—2015 4 A7 3 30 3 3804
B R S A AR A i oz [T . o Vb S, 2018, 38
(5):1108-1118,

FRE S I 35 RO b RV A B 3h 3 T
AR J BEAL T ()], K 4R F5 B 52, 2018, 25 (4) : 380-
385.

XA B TR AR, 4. 3+ CA-Markov f8 A1 1)
T VA Y, - b 7 A AR AL B A BRI SR T ). B SR W TR 2
#2,2009,24(12) :2178-2186.

EL BT R 5T CA_Markov 51 R (i {7
AL = U FOWAR R B LT . Ry AR &S 2R 4, 2010, 21
(4):873-882.

(20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

TR 6, #0 L F5 AR S SRS R T A X 30 a
A 78 25 B AR AL R 5% [J/OL]. 0 i 31 LK 2= 2 R (H
KRB IR ,2019(03) :61-69.

e el ] L 7 X TR SR AT 57 AR 8 bK S R TIT A e B
L JAE A TR AR AR AE L o L) . 5 5 550, 2015, 27
(3):15-21.

FEETE TR K .45, 5T MODIS % 19 48 Ak 55
oy T DA A T AR AR A IR B A dr L)L A s Tl ok
224y 12017,43(5) :659-664.

-y /(1 NI § AN 3 2 R R AL
KBRS 3o mr L], i E R BER 2%, 2017,37(12) 4734~
4743,

BIZRY, 3 B, JE T CA-Markov 17 (14 3 BH %1 X+
b A AR AR 5 L) ). L i BT IR 5 3R 5%, 2018,
27(6):1207-1219.



