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Abstract; Based on four seasons of monitoring phytoplankton communities and 9 water quality variables-total nitrogen
(TN), total phosphorus ( TP), chlorophyll a, chemical oxygen demand ( COD), biological oxygen demand ( BOD),
dissolved oxygen (DO) , secchi depth (SD) , pH and water temperature (T) at three observatory sites, the water quality of
Danjiangkou Reservoir was evaluated using Analytic Hierarchy Process ( AHP). The biological diversity index showed the
reservoir to be mesotrophic The water quality variables showed that the reservoir belonged to grade III according to the
Environmental Quality Standard for Surface Water ( GB3838-2002) of China, which suggested the reservoir status could be
regarded as lightly polluted. AHP evaluation showed that the water quality was different between the three sample sites, of
which the middle reservoir site was the cleanest site ( pollution index =0.3619) and the upper reservoir site was the worst

( pollution index = 0.7755). This study indicates that more attention is required for the upstream pollution of the
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Danjiangkou Reservoir, and that AHP is a useful tool for water quality evaluation in surface water bodies such as

Danjiangkou Reservoir.

Key Words: Danjiangkou Reservoir; the middle line project of transfer water from south to north; biological diversity

index; analytical hierarchy process; water quality assessment

FEKALTR L AKIR X MNTB S BE=E TR FHIAKE |, 2T SR ATRKE  BEHW
MER 9.5 x10°km®, BEARI 408.5 x10°t")  BUKIRKLER B 45 B FH T S PN A3 T W )N FI & 3 A
E(E 1), FHLOKEMAFRERRKER ,KERT, BEEEXAEMRXSFHANMERE , BRMANE
BEAET KT R R, U PR ERKR Y

IKIABEIRAE T YRR AR S HRE . AR R PP E SRBE PR 1 28 4k, [R1RE 7T DA B WL R Bt K 4k R 2
B LAR Y ZEKIR R 5 2B AR5 R T T A B0 A YR AR R B B 0 T B
ToEM A, EE, XK IEKRREE M B AR AR EAEAAE YA EEAHT. KIFRRE
BIPEAY , A R B B4R 4R, A T8 b5 B9S2 E 5 /K 31 55 I B AR B 40 8 FIFEAREAE 1, RS 2R
3o WRAXME—PFHIIE AR €K 2], L2 EXER , WA ARER, Nk H 2185 A B 4
AVEOEE , XK BB 2 PR o

B 51Tk (AHP) 2 20 4t 70 4E R B R E2E#H T L. Saaty 8137 —FFEERIR AT E 24t & B
BB PRSI RS HOTED . BT AHP B4 B N AR T3 IR R 8, IR e — ab B e
KPeEtSERRANSF AN EHATHE2E. REMT ST LR LR NEZEESSREITRE, B
T AHP [ F F 38558 &9 MET 1T, T B BA H 8 A3 SR s . B30 RFE, BRiE W AHP
TEAFRAEBITFM HFENAAZ , SR EREKILAP LR TRKEARE R b MR iRE,

YEBETERAT Z R AR ER -, R ARG r AL FI A M) E 38 e, R R IR AT s 3 FHL B K B
KR, AT T AV, BTE VR KILE P L TRKREAEN R e R BN P2 Rt —E K,
[ B D 3 7. 7K YR IR A 785 WAL ol SR R B 8 o
1 HRAE
1.1 REESMHE

] 55 W 0 B A R PR VI IR B AR 4 ol M R /K AL Bk IR IX TR B B S1. S2 1 S3 4RI A
RFE (W) JEL UMK ) FIFHIAE R (KA ) 3 A KERENS (B1),

1.2 HRRESEE
1.2.1 KEERE

2004 453 HF 2006 4£ 8 A, 7E S1., S2. S3 48 3 N mIR/K R EAR R A A YR U A A Ak Al
o BMGHTKE T(0u,0) JEHEE (DO) M pH R HALIEARN E RN . SR 25 SR YIR
ERRE ,EEFMARKEZZERE 1000 ml, B MEFRBEEE, SREREHERDIFHETHE
wegler,

1.2.2  FRFHIE Y04 e A0 B4k

SEMERE R BUE KRRl B T4 R e B g e,

FEBFEG ORI B E WK R S LTI B BR RIE W R BRI €A R 30 ml, FIEFRIFEY)
THEEEEF B RE TEERTHE. TN ASBSER 0. Iml 4EW T 0. 1 ml HEHESF ,7E 10 x40 %
BT UL 3 100 MRS | REHBERET KRR A A,

1.2.3 ZHMREHITE
BRI 85 iE A Margalef ZHMARHOTHE AKX d = (S-1) /InN Fl Menkinick ZHHEFE50T
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BRK a= (S/N) x1000 #H17iH5E. X d fl o B3R
TREREETREL, S RS, N v,
1.2.4 ka3

S1 /KR A AL R I B IR AR IR B 1 B 3h M0 &
(FE#FT AT FATHENE ). HEWADSBKE T
(Ouo) ~PH T5#%E DO (i EHA S 2, BHER
RZERMENE, B8 (TP) .BE (TN) AEYFEaAE
(BOD) fL2EFEA & (COD) SR 2002 4E K FEAK M
WA (5458 ) YIE™ .

ST ECRE)
‘/é\

1.3 BERsrbik
BRAVEREREASE REETERS
Pr&S sl H A W AR R , A SR R (B O 8k, B € B REEETRAE
%ﬂ(jﬁ[ﬁ%i%:ﬁ*li[m o EREEANERE R Fig.1 Location of the sampling sites of water source area
B SR KM S LR S1:P#%; (81 ) Taocha(Qushou) ; S2: P> Kuxin; S3: K G #F

Dashiqiao; T [F] the same below

1.3.1 B4R, @Sy R
FRW M g R K RBP4 T A SR SR BRI PR35 B T B AL B , 15 S50 BRI R 4
BRIERE R T2 RITO B B AR BT HES SR R SR BT R R, LR 2,

HinE v

| IR SR TN B T IR AL Quality evaluation factor to empower I
Target level V

R A HTESRA HTERA B THEA HTABA,
Criterion level A Spring factor Ay Summer factor A, Autumn factor A, Winter factor A,
| | | |
Hhi B | | | | |
TarZet‘ljvel B | ™ | | TP | | CoD | | BOD | | Chl-a |

B2 AFRSEHHEREHER

Fig.2 Level structure system of water quality synthesis evaluation

1.3.2 g HWERE
(1) V-A R ( HENR) FIBERE
RIEUFLE LA PO PR EZM, AMEIR ST ER RN, B2 BN Z MR X B R, R 5K L
R EERSEE KARSEE, RERRAMMER, T RIS ENE AR
1 1 3
1 1 3
173 173 1
173 173 1

— = W W

(2) A-B R(HEWRZ) AWFER

(1) FriEtbib et

PRHEACAL B IR AR S B B R MR N BERR U B 188 R BRRE(C) . HTEWE
(SD) BHRAL U 1381w , BIAR AL (R K ST , BT LIARHEALAE = Cs/ SD, RIMEHR SR BB ORAEL(Cs ) BR LA
EUEE. 3 MRERAREIERSE L falEERR 2,
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£1 BEALAPZKERELBNER

Table 1 The result of physicochemical monitoring on water source area of the middle line project of transferring water from south to north

A B
Siﬁ’ifg 23:1?;'2 T o DO f a)j fﬂ (riz ; ™ TP coD BOD Chl-a
point time (C) (mg-L7") (m) (mg:L™') (mg:L™') (mg-L™') (mg-L™') (mg-L7")

S1 %% Spring 10.2 6.91 8.37 1.40 0.835 0 10 2 0. 006
E 2 summer 23.0 7.32 8.15 1.50 0.827 0 10 2 0.007
FkZFE autumn 27.4 7.50 7.67 0.90 0.717 0.005 12.6 2.34 0. 005
&2 winter 18.6 8.33 8.12 2.50 0.709 0.005 17.9 4.1 0.002
S2 %% Spring 10.0 6.94 8.74 3.717 0.714 0 10 2 0. 004
E 2 summer 22.0 7.32 8.49 2.10 0.726 0 10 2 0. 005
FkZFE autumn 27.0 8.47 7.02 2.65 0.637 0.005 11.0 2.27 0.002
&2 winter 19.6 8.29 8.24 3.00 0.614 0.005 10.0 2.00 0.001
S3 %% Spring 17.0 8.35 7.06 1.50 0.872 0.001 20.0 3.99 0. 005
E 2 summer 22.0 7.70 7.85 1.60 0.856 0.001 18.0 3.24 0.007
FkZFE autumn 21.0 8.34 6.78 1.00 0.805 0.006 15.4 3.54 0.003
&2 winter 18.5 7.53 7.69 2.80 0.750 0.006 16.4 4.0 0.001

CS 0.12 7.00 1.20 54.0 12.00 10.00

$1,52,83 =R #E & Three sample point; T 7K ji Water temperature ; DO ; ¥5## &, Dissolved oxygen; TN & 4 Total nitrogen; TP 53§ Total
phosphorus ; COD ; {k2:%5 & & Chenltcal oxygen demand; BOD; 4:4k 55 & & Biochemical oxygen demand ; Chl-a; H-4¢ 2 Chlorophyll; CS: &3E54% RIFH)
B 4B CS indicators of the maximum permissible

(2) BT HIWTAE R
TRPEEEE 6 IR R T AL 6 X6 MM, BRAE SR 4 4
HIWTHERE, BAINT
OSHET A4, (k=1,2,3,4) 1 6 MEIRHIRELE N B,;(/=1,2,3,4,5,6)
Q%X FHEM Ay, By =maxipy, | j=1,2,3,4,5,6},k=1,2,3,4

B :min{ﬁ,,j | j=1,2,3,4,5,6},k=1,2,3 4,

g A =P 2Pe o yrimprim) (1)

£2 EALEEREKFERECRNE RiFELE
Table 2 The result on Standardized value of physicochemical monitoring on water source area of the middle line project of transferring water
from south to north

KRR KRR BURE(SD) -

Sampling point Sampling time Transparency ™ cob BOD Chl-a

S1 %2 Spring 0.0852 0.1193 0 0.1852 0.1667 0. 0006
E 2 Summer 0.0804 0.1181 0 0.1852 0.1667 0.0007
#Z Autumn 0.1333 0.1024 0.0042 0.2333 0.1950 0. 0005
A& 2 Winter 0.0480 0.1013 0.0042 0.3315 0.3417 0.0002

S2 %2 Spring 0.0318 0.1020 0 0.1852 0.1667 0. 0004
E 2 Summer 0.0571 0.1037 0 0.1852 0.1667 0. 0005
#Z Autumn 0.0452 0.0910 0.0042 0.2037 0.1892 0. 0002
A& 2 Winter 0.0400 0.0877 0.0042 0.1852 0.1667 0.0001

S3 %2 Spring 0.0800 0.1246 0.0008 0.3704 0.3258 0. 0005
E 2 Summer 0.0750 0.1223 0.0008 0.3333 0.2700 0.0007
#Z Autumn 0.1200 0.1150 0. 0050 0.2852 0.2950 0. 0003
A& 2 Winter 0.0428 0.1071 0.0050 0.3037 0.3333 0.0001
cs 0.12 7.00 1.20 54.00 12.00 10.00

CS BRI BENE; EHE (SD) B M35 IR, yr#EfLIE = G /SD  CS indicators of the maximum permissible ; Transparency (SD) is a
reverse indicator, Standardized value = CS/SD

By, = B"’QB"‘ (s,t=1,2,3,4,5,6) (2)
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@xF FAEEW B, 5 ButE L, HAIMAER TR b, AT HE;
%y I <1,Bb, =1
%,l Ve > 1 ,W bst =Vs

%’[’)’“<—1,Wb“=_—l> (3)
Y

st

Ly o

st :E s5 )
FRAAR(L) (2) .(3) , BRELBFEHR— 6 iy B, BRAE ST 4 D HIBAER
B,=(b,),., (s,60=1,23,45,6) (k=1,2,3,4,)
1.3.3 SRABAFMEEARME R &
HRBHE T EA T RE MR 2 7, TRENERZPRUNT

b

A3 W [ A=(a,),. (s,6=1,2,3,---,n)
HEHEEEE—TTILRRRA M,
M, = ﬁaij,i =1,2,,n (4)
AH, o, BHIBIEEBTER
(Z)i‘l‘%:M, E‘Jnlﬁ’dﬂﬁ Wi:
V.= JM; (5)
G)XERW=[W,,W,, W, E#k:
Wi = # (6)
W,

i=1

S B WML S B 1 W = (W, W, , -, W, D RBOCRHE (B R RO RHE [ B
RARK(4)(5)(6) FTLIRH B, = (b,,), . IH— L &

(4) T3 Wr i B B B KA AE(E
FH AR MBS BT A0 AR B, A B RIREAR , HAB i T AR5
= N e ™
R, A e B HNETHERE B, BB FHGEME ; B, R FINTAERE B, B9 1T &, W' 4 B, BIH—{LAR1E & (31
&), W, kW B fTnE,
1.3.4 —FHk
it ERTFE S R — BRI
cr=tem=6  p_ 8
T 6-1 “RI (8)

KA, RI T HIBEN—Beetadr, BERFE 3" 4 CR <0.1 B, HIWIHERE RA W B — 3k, ERE
Xt FIBTRE R AT TR

®3 TH—BHER
Table 3 Average consistency index

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45

1.3.5 KINFERELSPIERIITE
LA S1 o9, s K B R B 4 A PR BB TR
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B VA BAWTHER A FHLRE (1THE) ,S1D 2 S1 R A 4 x6 BT HEERIFERE, S1C & S1 RE A 4
AN TR FEAAE 1] B ( SRR EABLX DL B RFAIE 1) £ ) 2 RUEY 4 % 6 JE I

ZE1EN PI = i(SlDi) x (S1C,)" x VA, (9)

X, 81D, . S1C; 537 S1DS1C BT &, VA, = VA TR

U bz B MATLAB {44271
2 BRESH
2.1 JKIRX PRI SR Kt

3 AR RSB BESE 8 [ 63 J& 96 Fh AL, H A e dR (] 22 J& 43 B R AERH 4R IR 1) 23 J& 32 M L2
P EEBENT 10 J& 1L BB RT3 B3 FGAREI L B3 M B2 B2 MBI 1 B 1 HARET L& 1
o FRUFTEYIR A MO B ROK A S RGN RRRUK I N EE S M — R MK 4, FhREIEHEIEER
FRBK BT, T2 ZEARUE R A0 H  BE FRH R 4 B AR AL PR A K B 72 AR I, 388 18 O T 48 2B
KRR %4 513 T R Margalef 4 MR 4R Menkiniek ZRHMEAEROT AR, 15 RAE SR
YRR LR AT RS R,

F4 BEALADEKERREEHERTE SHES R

Table 4 Annual average cell density and diversity index of species in water source area of the middle line project of transferring water from

south to north
SRRE A FhE AR 5 457~ Indicator species Z RS $ Diversity index
Sampling point Species number  ( x10*cells-L~!) B-Hi5 B-a-H175 a5 55 d a
S1 56 126.61 17 3 2 12 3.91 49.77
S2 63 103.73 12 1 0 8 4.48 61.86
S3 59 97.64 15 3 1 8 4.21 59.71

PEH AR #E Evaluated standards ( Margalef, 1958 ; James&Jerrold, 1977 ) : d > 3, B8R B, & ¥5 #¢ Oligosaprobic or cleanness; d =1 — 3, Hi5 ¢
Mesosaprobic; d =0 — 1, E75 4% Hypersaprobic; a =5, &} Cleanness; « >4, 25 Oligosaprobic; « >3, B-F75 B-mesosaprobic; a <3, a-H 75

«—mesosapmbic

WEYIERER , BRAERHEAKRNET B-15; ABHHIEIRE d RE, KRR TRESR. A
M 1 BB TME S “ KI5 R B AR GB3838-2002” Wi, IR&E 1817 Tk 3 LI 2K B, K BN R T 15
BT EYEIEE A, KN —ERNSE M H.

2.2 KBEREARNIEIRGR KT

34N R FASEARNER IR 1. NRIEEIRE ARG “HFKIN SR EARME GB3838-2002” , B,
(TN) A=Y (BOD) fuisfEE R (COD) fainfE/R T L JUKFtniE. BT RE pH &AIE, EHE
(DO) ZEARK, AR T 1 2K BAntE, Br AEER AR A SR KRHELL T, 0 TR E  RA INCERED)
TP(EB%) . COD({LEfRHE)  BOD(AATER) (Chl-a(MGR) SDGEWE) AR EE B K&
POZ5HIRE 3 AR QBT BT, A B G LB 2, A 4 R A0E
2.2.1 RERBRGAIER

AAZ(4) (5)(6) , I HENZAIWTRERE A ByB KA AEE XL FIRFAE [ B VA =[0. 6864 0. 6708
0.2236 0.2236 ], b & B Bk & MU FALE REHKIK 9 :0. 6864 0. 6708 0.2236 0.2236, FIFHAR (7).
(8) ,— BRI : CR <0. 1 B, FIMTAEFE BA W R — Bk

S1 FIARHEALRERE S1D:

0.0852 0.1193 0  0.1852 0.1667 0.0006
qpo|0-0804 0-1181 0 0.1852 0.1667 0.0007
0.1333 0.1024 0.0042 0.2333 0.1950 0.0005
0.0480 0.1013 0.0042 0.3315 0.3417 0.0002

hitp : //www. ecologica. cn
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FIRAR(4) ((5) . (6) I S1 14 4 ANHIMTAERE R FRE [0 & , FRTE AL S1 RRHE 7] 46/ S1C:
0.2367 0.2944 0.0606 0.6910 0.6103 0.0608
0.1797 0.2965 0.0613 0.6991 0.6193 0.0616
0.2568 0.1977 0.0642 0.7645 0.5499 0.0631
0.0903 0.1401 0.0715 0.6855 0.7016 0.0698
ERAEEESNET LINE R
FIRAR(T) .(8),S1 BT BTAERER CR <0. 1, HMT4E M B W B i — B
I AK(9)HHE S1 MEEA Y84 PI,PI =0. 5697
BRI FARE(RFES) "SI REEARKRD RIS JORE, NS HERRE, RIE “ HFAFER
EriE GB3838-2002” , B (TN) AY#eHE (BOD) (fLFEFEEE (COD) fBirE T I Ak mbri, P4
SRBEAR L 5LRBERAE
5 S1 Wit A, S2 1 S3 ML RINT
S2 MR AE R S2D -
0.0318 0.1020 0  0.1852 0.1667 0.0004
— 0.0571 0.1037 0  0.1852 0.1667 0.0005
0.0452 0.0910 0.0042 0.2037 0.1892 0.0002
0.0400 0.0877 0.0042 0.1852 0.1667 0.0001
S2 19 4 AN BT AR BRI RRAE 1) BIE B S2 FARRAE r B 46 FE S2C:
0.9688 0.1109 0.1103 0.1114 0.1113 0.1103
0.1362 0.2583 0.0629 0.7074 0.6375 0.0631
0.1102 0.2004 0.0669 0.7067 0.6630 0.0649
0.0870 0.1572 0.0748 0.6662 0.7163 0.0724
S2 19 4 MNHIBTAERER CR <0. 1, HIBAEFE RA W R —3E,
I/ AK(9)TTHE S2 WA TErTE % PI,PI =0.3619
B FESEARE( R S) 1,52 REE S MK TR M EERE, NE S ERE , S2 RS Sk 57
F S1, 82 &L, KEZIREZ M/, KRBT
S3 MbRIEALAERE S3D:
0.0800 0.1246 0.0008 0.3704 0.3258 0.0005
0.0750 0.1223 0.0008 0.3333 0.2700 0.0007
0.1200 0.1150 0.0050 0.2852 0.2950 0.0003
0.0428 0.1071 0.0050 0.3037 0.3333 0.0001
S3 19 4 AN W AE BRI RRAE 1] BIE B S3 FARFAE r B 45 S3C:
0.1227 0.1555 0.0683 0.7334 0.6431 0.0682
0.1256 0.1741 0.0688 0.7960 0.5575 0.0688
0.1685 0.1645 0.0614 0.6741 0.6948 0.0603
0.9690 0.1103 0.1099 0.1112 0.1113 0.1098
S3 9 4 MNHIBTAERER CR <0. 1, HIMAE R RA W R —3E,
I\ AK(9)THE S3 WA Y84 PI,PI =0.7755
S3(KAH) BT L, ZIHEEE R, ST ME REAKCERT SICRE ) S2(FEL) , MAKXKE
BIgvnEA S I K BbniE, A REE VIOK BfntE, LA TEM8%0 PI 5 0.7755 KR FH 155K,

hitp : //www. ecologica. cn
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=5 KRMHS BT
Table 5 Water quality graduation standard

253 Level I I m v A VI VI
PI <0.10 <0.24 <0.38 <0.50 <0.70 <0.90 >0.90
7R3 BiFE HiE #EE BiER B BiGH JEEER
Standard Cleanest Clean Still clean Light Pollution Pollution Pollution Serious pollution

2.2.2 KEEFRE

METHEFME 5K B E 7 RERI ST R E , KA RREE R P ER KU L, AIANSE

(Chl-a) ¥ BRI BITA B B FRAL B R A E IR TSI, HAEAK:
TSIChl-a =10 x [6 - (2.04 —0.681nChl-a)/In2] ,

K, Chl-a R G R FEWKE (mg/m’) ,

FIFH TSI PN K R EFRRAS KPR #r i TSI <37 B FRA, 37 <TSI<53 HEFE, TSI>53 EEF
B2 AR, I R 0. 005Smg/L, KAHFH 0. 004 mg/L, .0 B 8K, 4 0. 003mg/L, 3 4~k BE &
Chl-a F-¥{H 4 0. 004 mg/L, 3135 TSICNa K 44. 169, KK IR XKL FHEF RS FHKFEEFRESHE
Hr , B R TR ARG B VR LR, B TR A IR, RS A VR
3 &g

FHIOKEMEAREKILARL TRBEER KRR —, LE— MR KKKER, HKRFRERERK
YA X 25t A RATEERU LR BSFHEKXERER. TR EBEHEEER L. AU EAEYERR
B AR TRME RS R MTRE , REHUT 41

QL AIRE R R E, FRIEMER LR S, KR THERRE, BRREB THESR,

QKB B RE N BF, BB UK R T MIE RS, ER RSB THER. REZREFRENER, K8
THERE, EFREBTHEFR,

MBR BTN RS RRE , WTLAE

OEHRZEREA TN A R T RISR S . ASCRANBRATERES T E2RBRBREENRE
B X EAREAHNECEEE T, RS R i 2 TR B T SEhR K RIS, R EA T N
Fiko UL S1ABDRE , BBEE(DO)ERT I HiniE, B E (SD) EFRANRRAER , ELENPER, KEH
BESBR (TN) R IIS; B8 (TP) N [ 4;k¥FEEE (COD)ERK N TR, LFH MK L YFER
(BOD) 4 I 4t;Chl-a 18R R B 77 s SR EAR A LRI NS 2 A5, 1B X BIRARHR E K 51 R
o BREHEVMEE T MG An i, AHP 0K T 15 3RS, 5B MR,

QAHP 45 R B R B M S1.52.S3 9 6 $84nkE , A K, S1.93 Bk LB & F S2,51 583
FEARE, 38R T Sl, B PIZE=X EA B R, S1 B PI =0.5697, FE.L> (/NKFHES2 ) PI=
0.3619, FHTAFE LiiF (KA#HF S3 ) PI=0.7755, B T ERIRARFEAK R
4 itig

WA, BRrEmP KRR ER FER  —RERASHELERS, ASHEREEHFES.
TR FIERISRR P ZRAE 35 R, WA KRS REA . =R BRI PR Tk £l F B R IR A R BN
VEHAER, BEARSBMEIBFRNE  EZRBRNEEFRE, BAAET RN RREEEBK.T
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