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Abstract

Based on measured data during 2008~2017 at Taolinkou Reservoir in Qinhuangdao, six water quality
indicators (PH, total phosphorus (TP), ammonia nitrogen (NH3-N), permanganate index (CODwmu), dis-
solved oxygen (DO) and five-day BODs) were evaluated by three different evaluation methods (single
factor evaluation method, comprehensive pollution index method and BP neural network model). The
results showed that: 1) Single-factor water quality evaluation indicated that the water quality all-caliber
evaluation met the requirements of Class III water quality. 2) The comprehensive pollution index me-
thod showed that the comprehensive pollution index of the water source station was 0.437~0.578, and
the comprehensive pollution index of the outbound station was 0.439~0.569, which was light pollution. 3)
The BP neural network model showed that the average annual water quality was Grade II water quality.
It provided a more objective decision-making basis for the management of Taolinkou Reservoir, and
could also provide reference for water quality assessment in other areas.
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IR P R KA R B LR G VA B RIAR, A BIEIR ST R ARAE T X K AR A AT 70 FSRA A IRl AL 1] B
KB BT TR, K BT TARE BRI N 2 5 22 BRI USRI AT TSGR BRI, B S A AN T R e Al
JEA

W28 2 By TR K PEVE AT FEIX I, BL 2008~2017 44 7Kt A P ity 9 A Mt 0oty 1 00 B8040 1) PHLL 4
B BR . SERERERIRE. VAR T A A 7 S S B B A D 7B PR (R 7K ST b e Bk b 11 7K P 7K 5k
ATVRGT, g 5 I TMEAR 1 7K P 7 5T T 00 T 72 B AR SR AT FT Ll 5 k4

BEAR K R T2 B B Tl P AL, SRS R b, F 1998 AR, FEHITIIER 5060 km®, MRS
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e FERAI UK. AR Bt AL R SRR S A R AR AR AL TRE 2], HOKBOWE B T ER 2
By T A 2 RS AR R R 2% R R B R o 0 EBOBRPAC 10 70K 758t A6 S 2 3 3 A M 00 1 (7 A PR
i) AR 7 S5 i AR B30 X R 11 7K 2 7K AT PR o
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PRl PP R SRR I PR SR 5 25 B L P AR EAT L, e s AN B8 — R A SR Jm A7 R
A[3]0 FPRTIPANE R S E KB EAN o BT )2 KK B PP T3 [4], HeJ7 00 B A, a] DAEDWLA R
KB AR bR T LAHE, (EZERX T RIS E R, WKFIEARBOVE IR, S BEm AR AN K
RABEBOIE FE RS o R[5 3 B B R T I ROE MR & PRI b R B0 IE R B2 RUK BN T 1%,
HA T H W] T B S BR K BRI 5 VAR AR v 8] (8 9% 8 R A o SBR[ 6] S 3 B0 PR 4R B AN 2 505 AR B
X R KSR SR AT I 1R B A o KSR SR AR 7R B B8 T WA F e O b AT R A B B P, BT L 4 SRR W]
PRK R IE B FOK AR A EOR, 28— E R IE 4.
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22. BREFRERE
3G PR 0L T K o B 1 VO PR H R e S AR 7K 5T L AR B AR LT LR S5 B A oA 0 /N R EE HE T
I 8]. HHEARN:

P=ifi$n.n=c/s 1)
i=1

X, PR j WIS LR G5 B8 EG: 0 NSIVEM KRR R PR | BUKRIRARIGTS e i6 8 G5 @ T
IKIRFRFR IR EEAE, S NEE | BUKIRTEAR K bR HE(E, 288 CHRKIR B E AR dE) (GB3838-2002)# 1 H1fH)
11 K BibraE[8].

TR R[5 R I 45T YA BUE AR BEWA /K B EAT S5 G VPN, W AL BN SR 615 Yo Fa 402 AN Re 0] & Wi
KBS kAT FIE , ARRERT K BUEAT & B/ AT, AT DLIE R 1 S Il Je T P 75 R B

2.3. MEMEITNE

MR 2% 1252 20 T2 80 AR AR &L 3R % F AR e b, 2 B A BIR R RAF R 58 ¥ 1 e o 2 %,
DRI 20 0 5% A K B ASE R 7 Y o AT e SRR L Q2R BRERE ) B ST B S A, AR AR KR PR
SN 9] (101, HAEONH F R 7508 SO A% 3 (BP) M 2445 B AT Hopfield 28 A5 R4 25[11] [12] [13].

HPHBA[ 14155 RBF #i2e 8AE BE K IR RE,  xof e L1 e /K P P XK 7 AL PP . S5 SRR X
KPR T I I 2K, FAAE— B RS o fTER[15]55R I BP #1445 5L RN LR SR BP0t 52 R VLR
FEBCTIR KBTIV, B FUSE REBoR : HERGTREPAEAM L, BP #2228 B AT VP 2 ORI T 5 (8 S50 Ao

3. JK BRHEFRAFE

P 1 SRRk 17K P M 0 D T A 0t R 2 - MR B 45 T, HH RS PHL, BB AR AR H AL
AR E S E T KRS S R bR IR B, KRR SRR R AR m T PR R A SRR SRR B
PH {EEH N 7.02~8.41, 52 SFHRE o 7K U5 bR HH P2 3t s 00 7 T WA B8~ 4R 4 4P 3BV Bl 43 JIIAE 0.0103~0.0276
mg- L' F1 0.013~0.027 mg-L ™" 2 0], KEB/MET 0.025 mg L™ (11 2K FRARMERAE), ¥MKT 0.05 mg-L™" (111 2k
JRARAERRAE), SRR EE SRR EKI > PRI > R 7KV sl dhs 00 0 ] 2 500k P 4 A A
SPHAE TS FE 23 U AE 0.061~0.4 mg L™ A1 0.054~0.285 mg-L™' Z [A], HMKTF 0.5 mg- L™ (I K ARMERE), AR
WIEBARRIUCNEAKI > FKW > KoKW, HBEERFRRE, QEMKEEZIH LR KRR
H P 3l 0 S0 b T TR B FE RO T R A P M VS B 4 I AE 1.897~2.805 mg- L AT 1.95~2.54 mg- L' Z ], ¥
KT 4 mg- L™ (I ZEKFRAERRME), FERERSh 18 R BRI R I KA > PRI > KoK, S ihia i
VA PEE WS Tl L T AR A o ARt AT S 2 S OB TR A VR B 4 A P R (VG L 4 I AE 8.821~11.08 mg-L™!
F19.93~11.468 mg-L ™' Z 1A, #FT 7.5 mg-L™" (1 ZUKFFRHEMRAL), 7RI SRRIUNRIKIE > ki >
FE K o AU Sl RN A S A T TR R 2B A T SRR R AR R P I O 4 IR 2.107~2.656 mg-L! Al
2.057~2.704 mg-L ™" Z 8], ¥MF 3 mg-L " (1 ZOKFARUEBRAA), 1o H A 40 T M R IR R R I K > SF
KA > MK, B HAEATEERKEMEZES B s,

TR 170K 2R M 000 R 7R VRS R Pl A W R 45 R T AR, AR RS, FEOKEE SRR, &
B EA. SRR SRR AN B H AR R A E IR B R, TAE P A AR A BE A A . VAR Uk R
BEEKIA SPARHIRIR K TS S . Z . SRR R 48 B 1 B AR (b 75 A R TR P 5 L S A
R TR FEAEAE A K I =, PR BRI R K A o AT A 2 R Bk 11 7K P28 = 7K B0 ) 6 RS S5 /K ke
IKEELE &R B LEE KR, BAk DK EE A B & BAF LTS, AMAE S KRG %
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Figure 1. Monitoring values of water quality indicators at water source and outbound stations
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o AW REAE KR RART, B KREIRDNPE, IR, MK R XK. I ELBR AR 17K e
FARWEENAE 5~9 H, KBUHYIKEE KRBT ALK MBS, AF TRAEMRERAERK, MAEMRERAEK
IEFE SRR BT R AL, BUEI RS BAEF AR, AR &R IR TR EOM T 1 AR A B AR
FERE T, DR AR 1K 2 =R K R K e T b e B 22

BA MRS LHAMTAESREERI € EThEY, SR MR R T RER: HREH
2t MR RGBT RIRRIIE 2 | KRR R oK R SR T RO R E ) i B KR B 25

4. WNGER DR
4.1. BEFHFMZEER

B2 1 A2 2 WA, 72 2008~2017 414 17K 07 I I B 11 B P, kb 10 7 7 sl KT 28 s 76 0 TR - VP A
R AKBRAPAN 65 AR —3, B 2016 /KA T AR E5 B2 1 30K, W PRI &S 312 1T
FKAN, HARAK B PN 85 R 58— 5. 2012 FRH-FEM KRR BPHN 45 52 1T 28K, 2015, 2016
FEFIKIK TR 45 52 T 2K Bk DK KT B a4k, 2008~2017 SEFTHRAR A1), F. “F. KK
R3] 11 28K H AR EER, ARVEAN A 2] T K00 HAREER, 3 2 42 H =0 F AR IR R K PR AR B R« I
KIAS SEAEAFIRG KA IR BN S s Sk, BB S 5K VRN, KRS AT RS 2008~2017 T4
KR 100%HGER] 11 KK ks, SRS SVRNI, USRI FESE A 10%F K. 20% P /K AT 20%H;
IKHN T 28K R . A PRIEPAN I, KU SS 3K 9] 30% 4 T 287K, 10% 77K AT 10%A5 K38 T 30K H ek
FKH 30%A T 27K, 100% KA 1 2K, 10%A4 KA T 2K . AT 0L, PR IARIAS 2K 33 1K K 5 AR
PR F KA R KT A A 2

4.2. FETTRBYECEER

SR S5 G015 AR HOF B AR 1 7K AR 3 A0 H 003 P A B U BT T 2008~2017 A HAE4E . FE/KIHL ~FrKIH
FIAE 7K A5 I BA B 256 15 G AR 2003 AT VB, TR B2 AN 3 P, KR A 4R I 256 G e 0.437~0.578,
RS A R I 2R A5 BARHUE 0.439~0.569, KRS B 4 AT A1, B85 5, Horh 2012 4K IR 25475
a2 0.578, HPERS LTS AR E0N 0.563, V54BN E, 2008 5. 2009 /KRG A SE 4R G5 Geta £
INF 0.5, YR

Table 1. Water quality category of single source evaluation method for water source and outbound stations
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Table 2. Single factor method do not count total phosphorus in the water source and outbound stations

= 2. BRET BB KR L Bk R

IR 7K 5251
A3
2008 4E 2009 4E 20104 20114 20124 20134 20144 20154 20164 20174
FIKIH 1% JIES] JIES IES 2% I 2% I 2% IE] e I 2%
K I JIES JIES e JIES IS JIES e IES e
Fii 7K 3 I 2% I I 2% JIES I 2% I 2% 12 1%
ST 1% 2% IIES IIES IIES IIES IES IIES IES IES
B3 HH 3k 7K 5 26531
FKIH 2% 1% JIES I 2% I I 2% I I 2% I I
K 1% 126 JIES] IES I 2% IES 2% I 2% I 2% e
ik I 2% I 2% I 2% I 2% 1% I 2% I 2% I 2% IES 1%
ST IIES IIES IIES IIES 2% IIES 1ES IIES 1ES 1ES

AKIE G K BAZR G5 AR EUAE 0.435~0.688, B NTGGy:s H PR =F K IAZE &5 J4BEUAE 0.506~0.918, Hrh
2012 2015, 2016 FELEATSHIERT 0.7, Nhi5H. KIFEFKILEE TS Y B 0.457~0.564, H 5
IKHAZE G5 JARHUAE 0.407~0.507, FINERTG G AKIESERE K IAZR G5 e Fa BE 0.391~0.555, kil /K IALZE &
TFRFREAE 0.395~0.579, BIRRIGG. —MAEHLT, AKURIEFH ESE & F KL A5 et > KL E
HRARE > MKIAZEE TS RAR 2, v WA /K EAZK B A AR T =F /K AR K B, S KK R 2= .

Table 3. Comprehensive pollution index of water source and outbound stations of Taolinkou Reservoir

% 3. BARO7KBEKIRUE RN BR S SR B 5 R4

AR UR H Sl

LA FKH SEKHA 7K A4 FIKH SEoK A i 7K 47
2008 4 0437 0.435 0.462 0.429 0.461 0.506 0.484 0.452
2009 4 0.459 0.495 0.487 0.483 0.439 0.575 0.441 0396
2010 4 0.533 0.486 0.529 0478 0.529 0.535 0.407 0.453
2011 4 0.566 0.607 0.492 0.490 0.484 0.594 0.465 0.395
2012 4 0.578 0.634 0.564 0.466 0.563 0.784 0.486 0.398
2013 4 0.527 0.688 0.493 0.465 0514 0.530 0.507 0.579
2014 4 0.551 0.546 0.551 0.555 0.519 0.560 0.489 0.449
2015 4 0.536 0.589 0.457 0.538 0.569 0.875 0.438 0.479
2016 4 0.553 0.682 0.488 0.450 0.547 0918 0.496 0.401
2017 4 0.517 0.549 0.428 0391 0.500 0.682 0.498 0.439

Table 4. Classification criteria for water environmental quality pollution index

F 4. KIMEREBIHER S R

15 YL FREL <0.20 0.21~0.40 0.41~0.70 0.71~1.00 1.01~1.99 >2.00
1544 A THiE T R Bk G gL GG FEE G Y
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Figure 2. Pollution share rate of water source (left) and outbound (right) stations in 2008~2017
B 2. 7KiRuA(ZD) RN BEut (£)2008~2017 Fis B R

4.3. BP HZMEEENTENER

4.3.1. MEGHRRIEF

AN GREABIG LRI (KA EARME) (GB3838-2002) F I fE. A . WinmR e, B
SN . E A A TR A S IR KT P b B IR IR o AR /K TR BN /K 439 5 26, 1L 1L IILL IV F V2K,
TR AAREAR X ], AHF5TiE H rand(-) RO TR ATE BB HUAGE, 3K K 50 AMEAS, LA 250 A
FEAS, BEARA BN 5 Fim .

Table 5. Sample generation rule table

5. BAERANR

FEA S5 FEAR X [a] 76 HA =R IS
1 (0,0,0,18,0~(0.01,0.15,2,7.5.3) 1 I
2 (0.01,0.15,2,7.5,3)~(0.025,0.5,4,6,3) 2 I
3 (0.025,0.5,4,6,3)~(0.05,1,6,5.4) 3 I
4 (0.05,1,6,5,4)~(0.1,1.5,10,3,6) 4 v
5 (0.1,1.5,10,3,6)~(0.2,2,15,2,10) 5 v

B, &R SRR, WA T H A T AR S IEEE M R N R, KBS A AR
&g, SPKBIEAT N . 1. 20 30 4815 A BERN TG 11 I IV A1V 3855 5 KRR A 3R .
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4.3.2. MEBERFIS R BRFE

% Kolmogorov JEFE “Xf T HA—ABRZEM 3 2 BP #EM%, A 202 MFT S8, winr LSt &
AEENER BRI [16], I H=JZ BP #Z W28 S5k a] DLERE 5 W0 28 7 S, T T+ 2 A R 0 4 25 ) kg ik
Z SNBSS, PTUARBT I £EE 5 JZH0N 116 3 /2 BP #i& s,

AT RN Z N TR E (R AR SRR WA T HAMTAEM), MAZME T
A5, i ENAKTEZER], i EZ 0N 1. 4 Komogorov & FEAT Hecht-Nielsen PR & & Fat 25 J2 17 m 8%
VI 3~12, @R, BRI EUR D I HaR 22 /DR A e e, e RS R RO 7.
WA T BP #2225 (1 R SN A5 A0 B &1 € 9 5:7:1, G5k an &l 3 Fios.
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Figure 3. BP neural network water quality prediction model structure diagram

3. BP #EM£% K BN R B G ]

4.33. EFEEZ

TEFP IS LT MATLAB 3355, WAL SFEABEAT 2 2 2R EESLH) BP M MM S HOE I T,
WIZR BRI HCR FH V)2 1 I L2 = 230y B R 1B BE IR, SN = S RS 2 1R R AR 28 BR O R 4 S Y R 4 logsig
Bt 2 S 2 2 B AL 8 R B IE D) S B pR % tansig. JIAFIRZEN 0.0001, 243K EEE 0.0001, 2> HirN
0.00004, H KEAKECH 5000,
Table 6. Water quality evaluation results of water source and outbound stations based on BP neural network model
%< 6. BT BP & MLER AR E EEvh K RIFINE R

IKIER KT B
2008 4F 2009 fF 2010 4F 2011 4F  20124F  20134F 20144 20154 2016 4F 2017 4F
FIKI IES JIES JIES I 3% NS I 2% I 3% JIES JIES I 2%

i 1A

K 126 I 2% JIES 2% IES I 2% IEN 1% 1% I 2%
KK 1% I 2% I 2% e |ES |G I 2% I 2% 1% |
SR JIES JIES JIES JIES I 2% I 2% IS IS JIEN JIES
I 3 HH S K 28 )

FIKIH I 2% JIES 2% 2% I 2% IE] e e I 2% I 2%
K 126 I 2% JIES 2% IES I 2% IEN 1% 1% I 2%
KK 1% 1% I 2% 1% |G I 2% 1% I 2% 1% |ES
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