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Pollution characterization and water quality assessment of Dongting Lake

GUO Jing™" WANG Chouming HUANG Daizhong LI Ligiang LIAN Hua
(Ecological and Environmental Monitoring center of Dongting Lake of Hunan, Yueyang, 414000, China)

Abstract: Three hundred and ninety-six water samples were collected in the Dongting Lake from
April 2016 to March 2017.Factor characteristics analysis were performed using pH, dissolved oxygen
(DO) , ammonia nitrogen (NH4-N) , total nitrogen (TN), total phosphorus (TP ), permanganate
index ( COD,,, ),/ chemical oxygen demand ( COD. ) and five-day biochemical oxygen demand
(BOD,) as the physicochemical factors. Single-factor assessment method, comprehensive pollution
index method and principal component analysis method were applied to evaluate the water quality of
Dongting Lake. The water body presented weak alkalinity with TN and TP as excessive pollutants.
The single-factor assessment indicated that the first restrictive factors of water quality were TN and
TP, while the water quality of Dongting Lake was in Class V or lower V. The results of
comprehensive pollution index assessment showed that the water quality was in a moderate pollution
condition, with better water quality in normal period than in other two periods. TN, TP, BOD, and
COD,,, were the main pollution factors. The principal component analysis method showed that indexes
such as pH, DO, NH,-N and TN, etc, greatly influenced the water quality of Dongting Lake. Water
quality of East Dongting Lake was inferior to South Dongting Lake, and South Dongting Lake was

inferior to the West Dongting Lake. The three methods were a combination of qualitative and
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quantitative evaluation. The results of each method were not identical with each other. So it is very
important to work on water quality assessment using various methods.
Keywords: Dongting Lake, water quality assessment, single-factor assessment method,

comprehensive pollution index method, principal component analysis method.

1] 0 2 T 5 — ORI, 67 T30 B A AR AL, A VAR R T BE R 2, RN BT DE T PR
FITTRAZE RF G = 10 SRAKIEA WA TAE S, RO HLE AL AR B T 1 XA
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1 MBS (Materials and methods)

1.1 FEACRAE

FERLSRAET 2016 4F 4 H 22017 4F 3 H iR B LA o8 i, 2 A 11 A BRI Wm (& 1) 467
Tl WA T RE W (S1) 5 5K (S2) F/INTIE (S3) 5 il JEE i 1) 7081 (S4) S0 (S5 ) FIEE AT (S6) 5
R BEIRRE AR (ST) i1l (S8) ARl BE M (S9) i B A% (S10) FIl g2 8 11 11 (S11) A4~ W I 1 1T 152
A A3 SRR IR EERJZ (0.5 m) IKEE.
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AT A R (BOD, ) SRR B 5 42 A2 (HJ 505—2009) 1 % ; & &L (NH,-N) 5% FH 40 FCA 7 40 6 )l 1 2
(HJ 535—2009) %€ ; LB (TP) R AR 5L /0 YL E YL (GB 11893—1989) il % 5 & &L (TN ) 2R FH B 1
IR FR B TH A 22 A0 3 6 BE VR (HY 636—2012) W . A PR UE 7 B B v A AT &, SRAEAE AL I, 28 P =3
FUFIPAT SR 7 55 238 7 10% LA S50 3 0 B o s 42 i 1 il 32 SR AR A i 4k L 25 T RE B AT AR DU
FE VB TS AT IR o 40 J5 0 25, L 000 4 T %) AED R A o Al 22 25 PR FETE 10% LAY, i [m] 505 7E
75.8%—121.6% 2 [a].
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b Py j T KA ) MR-G5 ARG n IS INPERE TS T8 PSS i 0005 Y 1T Y 434
B CONSS WS YR AE A SO0 | TS5 Y M AR b A, ELAR DL (R K A5 B it A vfE ) (GB
3838—2002) 7 1 H 1% M 27K Bbm #E FRAEL. 255 V5 e Aa HO0 B (7K BT 43 90 AN R - P<0.25, 7% 5 0.25<P <
0.40, 853/ ; 0.40<P<0.50, 52754 ; 0.50<P<0.99,#55%; P=1,Hi5%L.
1.3.3  EWS ok

FG o BT R o A AR R A AR AL G DL R A A LT R AR S A B . B R E R
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2 R 5118 (Results and discussion)

2.1 KRR

Shy R -t T SRRl T SR AR BT I 4 K TR IO, A SRARE T T = S R 7K K B8 A 40 BT 485 SR 1) °F-
BB ITVERRER 22 53 B 45 R LA 2.
2.1.1  FRALAVEFRERFE AR

P P 2 BT T JRE T 4% SR RE T TR pH (B Bl R 7.39—7.65 , S 35 bt , BRI Ak Kk 301 > Ak 3 >
JK .0 (NH,-N) 4-4EF- B 36 Bl AE 0.128—0.307 mg- L™ 2Z ], K T 0.50 mg- L' ( 11 28K Fibr kbR ) ,
ZR IR JEE 190 45 VBT 1T A K NHL-N 385 F A K I .o (TN) 24 XA F 1.0 mg- L' ( MK FidnifE
FRAE) , AR AbSE BRI 7E 1.617—2.337 mg- L™ 22 (8], ZR I JE2 45 W7 10 ) TN A4 3 M Al 7K > S 7K > 320K
1.0 (TP) S4EF-(ETER A 0.060—0.107 mg- L™, #15 F 0.05 mg- L™ ( IZEH1 2K B FRAE ) , Horp
S1 Wit p(TP) - {E K, 8 0.107 mg-L™" 55T 0.10 mg- L™ ( IV &5 ZE /K Fbm i FRAF ) . 75 117 22 18 4% e
T Y TP AR 26 IR = 7K > S 7K 3 > A 7K 3, 253080 2 3890 7 D) A7 S 7K 38 > Ay 7K 390 > 2 7K 300 NHL,-N AT TN
T, I JEE ) 45 a5 AN 7K B 22 1) 2 S5 WG T 080 R T o 10 i 225
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Fig.2 ¢ Average values of water quality monitoring data in sampling sections of Dongting Lake

2.1.2  HHLI5YHE

% S REWTIT p( DO)TF- AU T FE K 7.56—8.43 mg- L™, 5T 7.5 mg- L7 ( T 8K BARmERRAA ) , ik
RN K >F-K 1> F K 1.0 (COD,,, ) FHMEIIMET 4.0 mg- L' ( 2K FARAEBRIE) ,45.45% Wi i
SEREART 2.0 mg-L7'( T 2K FbriFRIE) .o (COD, ) FI{E AL V5 I 7E 6.62—10.64 mg-L™" KT
15 mg-L7'( 1 K FARERRTE) .o (BOD,) F-HMERI/NT 3.0 mg- L7 ( T 28K BubRif BRAA ) , V4 31 2 1) F plg
1] 2 1) 45 W T A Aty 7K 8] BOD A ARG 8 COD,,, A1 COD T 75, AR T B2 5 45 A5 87 7K U] 22 1] 28 S 5 7 ) e
89 1T i ) A

SMAAAE I 1) KA S S5 8 ,p (TN) 1 p (TP ) AR ™ 5, R 1l 22 W25 i (62 R 2 5038 Ak 4 2 1)
22 S 5 VG YT TR ) ) S X R A A B SRR B A TR JE ) X A R T e Y 4 T A
— 3 ZE A ZE I IR WA X A RO 75 G 3 A YR TR VR A B A T T G, X 5 R R
W95 YR U5 A BT AN ).

5 N AR K AR (2 1) 20 SRBEE p (TN) 55 A A1 S p (TN ) 98 il e 32830, e/ IME 2 8
1.0 mg- L™ ITZEoK s bm o B ) |, 380 BH I3 R E 080 p (TN S 43 31 4 0.40—3.88 mg - L™ 1 0.792—
2.259 mg- L™ W EEH] p(TP) 5K p (TP) v Bl iR 230, S/ MEFE T 0.05 mg - L7 ( T3S 7K B A 1
BRAG) B T UM A B35 YLt bR 0 TN TP H1 COD b, [ P HAB IR /K 91 Y 32 875 Y48 AR 2 0 TN Al
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TP, 7] UL TN A1 TP B i AR K I B9 3L 7] 15 YL d8 AR

R BRSBTS YR b FE A AR IR I A LA

Table 1 Comparison of main pollution factors in Dongting Lake with other freshwater lakes

WFFE X 45k TN/ TP/ FEEG YA bR 275 3k
Study area (mg-L™") (mg-L™") Main pollution factors References
T BZ 1 Dongting Lake 1.617—2.337 0.060—0.107 TN.TP A5
FBPHIY Poyang Lake 0.40—3.88(1.58) 0.033—0.694(0.172) TN TP [21]
K] Taihu 1.60—2.80 0.06—0.11 TN .TP [20]
L] Hongze Lake 0.792—2.259 0.098—0.142 TN TP .COD, [22]
£1i5) Chaohu Lake 1.59—2.46 0.100—0.257 TN TP [23]

2.2 HRHETFIEM AR

SR B IR T PP X 4% SRR T T K R BB A TR, TN A2 S5 1EM I BR T SLWT I A V 28K R
Ab, HABTE A IV 28, 2 280 B8 TP.TN 2 514 i, 25 Wrmi 344 V 28804 V 2OKE, V 2514
V 28K BT E A543 )R 54.55% F1 45.45% 22555 H 58 TN.

M3 AN A K RN 25 R B TN RS 51EM B, B TR KA 9.09% 59 Wik g ik 2 1128
IKIAREA | HoAth W T A Ath K 3 43R W7 T 2 O IV 28 8%V 20K 5, a2 20 H 3414 TP /K K i fe 22,
IV 2V K 5 B 8 1) 20 91 A 54.55% F1 45.45% A K 17K AR ST 88 TN 2 530, B T =F k3
H9.09% Wi A7 IV 28 4, JFC A B v ARG A K A 40 8T T 32 ok V 2K 584 V2K T 7K B RA 7K A 7K 5T
AT 22, KSR e, i 5 2 ST 2 Y IO 9T 45 SR A AR AT

FH A AT DL TN T TP 2l J2 38 7K 0 8 B A PR, 51 K S04 T e 189 7K 5 A o 22 1) s i
2.3 AT YREOTM 4

K5 TE AR BOE XTI EE ) 11 S SRAE W 1] 4245 KA R KA A 27 505 G e S AT 3 25 2R W
F 2. R 2 AT, N AR ZE TS YR BORE 1 AR K S 35 0 FhiG gt 5B T5 Y46 BU7E0.583—
0.765 2 [a] , Horp P B X Y ST W TAT 255 A5 Y PR =1 (0.765) , 15 Y d5e ™ 5, S3 Wi T 5 1% ( 0.583)
15 Y i MR TR KR 7 =E Rk 7K I 25 615 Je 38 BB L 43 5128 0.439— 0.571,0.620 —0.835 FlI
0.551 —0.543 , Hrp- Pk 36.36% HIWTHEIZE 5 15 Y48 80/ T 0.5, v e, JH At i T R0 Ath 7K 99 4348
Wi T K B R TS G SR BTG YRR AE 0.5 DAL, AT DS KUK SRR R A TR K S0 A 2 K 300 PT RE 2
ALK K S /DN | 322 R R e T DK AT K S ], KA 25 A/ N KA v RE 0 55, K A4
TR AR T A R VRTE S ) A BE S B B R R, AT B 22 /K RV K IR B 28 B 18 R, (E T R T
FEEE 5 VRS T VR AL R PR S B KK T 2 WA 11 AN SRR P BR S, .S, A1 S, A,
PR T 25545 75 Y H R BOK I 22 [A] 22 53 038 (AR vAER 22> 5% ) , ELAR TR BE 9] [X 545 15 48 B bt /K 39928 1k Eb o
1] 2 980 DX e e 1877 DX ik,

T2 EEI AR LR 55 Y dr KL

Table 2 Comprehensive pollution index in sampling sections of Dongting Lake

X W T s AR ok M7k
Lake region Section Whole year Normal water period  High water period Low water period
P JEE 18] X sl 0.765 0.564 0.835 0.699
West Dongting Lake S2 0.589 0.533 0.644 0.551
S3 0.583 0.560 0.630 0.543
T I JEE 18 X sS4 0.610 0.549 0.664 0.583
South Dongting Lake S5 0.599 0.439 0.620 0.568
S6 0.742 0.571 0.701 0.812
IR 8 1 s7 0.752 0.442 0.680 0.819
East Dongting Lake S8 0.755 0.534 0.635 0.883
S9 0.727 0.454 0.632 0.752
S10 0.739 0.526 0.640 0.822

S11 0.749 0.450 0.661 0.819
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VR 8 TG FR 175 Ye 432 ULIE 3. TN A1 TP (975 4 #0260 5 i 1 oAb S b, 11722 18 45 W s 119
AAE TN JLIG5 YL A8 0 o 1.617—2.337 , 15 44 0 #H R TE 30% LA L. 424 TP B35 Yy 45 2075 [l
1.20—2.14, 15§ 53 3G TE 24.26%—34.97% 22 [8]. BOD Fl COD, 175 Y 3 AR 22, 15 G 4340 350
[l 43 BITE 6.90%—11.33%F1 6.91%—9.15% Z [A]. H AL bR 975 YL 3 4038 1 LUAR /N 39 7E 7% LT 45 W
Il TN TP .BOD, 1 COD,, {75 Y4 434H R 2 FFEAIK F] 80% , i FH 33X PUFhF8 b XeF Il 1 15 7K S5 5 i G, o7
FERIOGHE.
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Fig.3 Percentages of pollutant in sampling sections of Dongting Lake

2.4 o o HriPO4s

N T FEMRAN ) AZ e B 28 S5 o T3 WG g3 B 23T 12 22, SE7E SPSS 19.0 BRAF: Hof 17 I 181 2% W7
T 8 AR 9 RO BEAT bR AL AR F, PEHEA T 2 B3 20 B by o A SR 20 14 o SRR m WDl , SR e
7 ZETEIAT IR TG 3% 3 ek Jr SRR AT = 32 0 2 9 PR T B 4 SRR EL () KT 1 AR
YU R = AN o AT 93, PCLL PC2 AT PC3 Y R BTk R 15 3] 89.216%. PC1 #5477 AU Bl &2,
39.734% , 5 HAH IR E L& pH p(DO) p(NH;-N) Fl p(TN) , ey 48 XHE I il 0.821—0.886,
2 R 2 ) ) BRI LA Bk 1A% B e R OB ;5 PC2 MIEIERY M T2 p(TP) p(COD,, ) Fil
p(COD, ) , X7 ) BT H 43 5910 49,0, 747 ,0.890 F1 0.919 , % F AR AE PCT LY 13k — 25 i ek i 7
S SRR LIS YIRS 5 PC3 RIDGIE ) B T4 p(BOD,) , HLB ik 3, 1551 0.962, 2
T B R R RS AR BTG G

R3O R N T

Table 3 Rotated component matrix

T H Index PCl1 PC2 PC3

pH -0.848 -0.089 0.154

p(DO) 0.821 0.384 0.265
p(CODy,) 0.291 0.890 -0.184
p(COD,) 0.338 0.919 0.121
p(BOD;) -0.044 -0.020 -0.962
p(NH;-N) 0.872 0.327 0.026

p(TN) 0.886 0.328 0.251

p(TP) 0.199 0.747 0.514

FEAEMH Characteristic value(A) 3.179 2.564 1.395
Jr#E H 5 Percentage of variance/% 39.734 32.047 17.436

B Z E 47 Cumulative percentage of variance/% 39.734 71.781 89.216
P 2
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PRGN AT 3 FR B R SRR T RN 23U 11 A W w9 3 0o £ 54500, RIRE E i il i
25 WD R 7K B0 YRR B SR B AR 43Ry AR BT 22 5 SR DL I 4 APPAN 25 SR AT 0 7K B4 22 R W T o S6 il
S10; K JFUHCAF I THT /2 S5 1 S3.56 W i1 542 1 5% 45 UL /K 5, Al e 3k ) BH 8 A 7 R AR ) AR A IR
ey B B HE AR BEIAT IR A S 10 W7 2 T ARSI ) DXk, ToT 3SR D Mo 45 A DT SO 38, K
AR FL YRS e L R HE A K 0 | B K 5 2. 83 W T A2 U VLR K 52, 5 e VLI el
T3 BUR S K REE AP AT 3 IR KR 2 S 35 G FI N T 0D A 5 AW X R, D4 i) 22 8 K B A
TR B , I KA T AR O JE . 3 2 3 B i R A AR A S S T AR W A T
ARG R IR B D XA K TR SR T I B DX R AR TR 1 XK T 2 | X iR A et A
FRAT. A5 ) DK B — 5 22 5, — 5 TS /K AR W IX A SRR it 160 A7 G, 5 — T3 1o -5 W1 IX ) i R ) IX )
15 Y HERCA O B35 A ek P, K D5 o) S BCA VG ) T8 — 1 3 2 38— AR JEE 8 A< V7 VG i
JEE K U5 B AT L7 B, WA TR A RE T i A S T g3 AR JE 18 DX A K PR A RO T
XN H 2, 255 R B aE A 1015 b Al ey 38 i B RS A 9 K, 25 b i ins 5 82 1 390 P4
TR T 7K A5 A 5 15 7K WA E AN B R34 A, S 250080 X 100 R K B3 G 45 7 . 573 AP ARl Je WX, 285 1 e 1)
H I T DR VLK B TG 5 {6175 S e 38 1 B I e 4 12
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o Inlalln
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Fig.4 Assessment results of sampling sections in Dongting Lake

2.5 RPOTIEAX L

B PR PP 12 T B0 0 B 08 X0 1] JEE 80 7K S5 1A 7 5 P D, 0 4% W T 1) 7K B 45 4, AN e T[] — 55
KoK 2 W W T A T SRR AN L 25 HET . 25515 Gt B0 AN R 03 o B i SR A X A2 4%, AN RE T 45 W
AT A8 7K 5T S A 7 3 AH BB K BT 47 2t 0 7, AR A b 6T 45 W T /K A% Dl A T 00 45 HE T X b
T YT RE AR T R b 52 Al e T DA T 1740 A B, R e g | A e AT TR R B RS B T S e A R L TS
P LU 1 W T Do 2 7 INTRT W O ) RN 0 T AL ) J 990 DX 5 e DR 1 1) i s v A Pl 220010, 283 05
P E0k S TN TP . BOD, Fl COD,, X JE 15 7K 5t 52 M B K B 28538, 17 32 853 o s AR A T 22 B3t ot
MR R/NE S T pH DO NH,-N FI TN %5 P04~ PR 5, 75 H 10 22 5 7K 5T 32 242 33 D0 A PR 199 52 . 3
F BT YL PR 22 B 1 S HE R RTE T IR RO, 27515 Ge e BOA A %5 B K AR, SR U AL 31
2, 033 3 i MR ARG 7 22 Bt STmORAE 0 I AR AT A B Y. 3X 3 RO vE 25 A LB 5, AN
[Fi) 3 JE sz IR J2 980 7K Joia 5 BT T P 7K B 05 R3O, 2565 R FH 2 Fh D 1 o5 i B 2 0 4 Tt oz e i DX sk
FR L5 15 G-I

3 %51 ( Conclusion)

(1) R KR 2 55580, TN F0 TP S Am TS ey, [R] Ikt 2 ) J22 38 7K 5 A B M IR . TN 2 597
Wit VA4 V 2K T HeA) 50 518 54.55% F11 45.45% , F= 7K 317K B 3 K 30 A 2k 38,

(2) JRBETT 11 A B A 4R LE A5 YA BOTE 0.583— 0.765 Z 18], /K Ji 4% 5 241 o vh 5 e | g W W 1
15 Y /N W DRI T % B ST K B K B B T A KU R = A K BT, ELAR T2 1 IX 255 e 45 4K
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it 71 J0 A% A L G R e T JEE 38 X B S TN AN TP 975 4 2 03 2 FiL 60% 2247, BOD, Al COD,, IR 2, iX
4 P bR 0] 1 7K TR M A, g 73 | ke 2 4 T

(3) RS HTIE e T pH DO \NH,-N FI1 TN %5 4 ANPH 1~ 156 W 3] 2 98 7K B 3 852 3% DA IR 7
YR N R £ G VPN A 534 M0 7K BT 22 (R W T Ay B2 Joks AR E BELRG 5 A B A e 190 BT T A 0 80 R /N T I
VO] B2 5 7K BT T e I 2 389 ol B ) 7K BT T A 3 J 3.

(4) BATR T IR VLR BUR) R — 225 g i () B PR DAY | 285 15 YL 8002 A0 32 0043 A 125 BE X 4% W
T K B A DI 45 A 78 o AT = R0 345 AP 85 SRS 58 & — B0, AR5 P 245 S e = FlE
PERIAS R T 3 K AR, 2565 SR FH 22 0 7105 i S g 220 i /K Jot B HC 5 YL ReAiE
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