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Abstract

The main objective of this study is to find out the changes of spatial and temporal conditions of water
pollution in the Yellow River basin. Firstly, the total chemical oxygen demand, total ammonia nitrogen,
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total nitrogen, total phosphorus, petroleum discharge, and treatment capacity of wastewater treatment
facilities were selected as evaluation indexes. Data from 2011~2021 were integrated and ranked based
on principal component analysis to obtain the decadal water environment quality of the Yellow River
basin, and water environment in 2021 is the best. Secondly, five water quality indicators were selected
combining the data from the Yellow River basin cross-sectional monitoring stations, and the water envi-
ronment model of each cross-sectional monitoring station in the Yellow River basin in 2021 was estab-
lished. Finally, the main pollutants affecting the water quality of each section were obtained using the
water environment model of each section monitoring station. Through the study of pollution in the Yel-
low River basin, we can draw the following conclusions: the water environment in the Yellow River basin is
steadily improving during the decade, while the water environment at Dengkou and Luokou cross-sections
is poorin 2021.
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1. 5|8

FRE LA HABRX . BT ASIESR I, S G s S R 8, A 80 AEARLA
K, WP RFEE A E, AKREE TR, BEHITHRNSE. @2 FERE, HKEER T HER
o AHBEAIR A0V GG BT — AN gAY TR 1]. 2000 4ELBISR, 4 240G, KBS T W8 K.
(R TR St Akt 3 2 R 38 B, VT P R A B AR 4 DA B A 2 R M R R B AR K, AN TR X3 AN [ B BRAG I T . I
BN K P HEBCRE AN, KRR FEERESR. R, XM SEEH S H X KA RIS IR
EBHE, MG 4.

HAr, BREF NG 3A a0k, BOLEETRNE. IS REEuE. R ik, KESE ks
[2]o EHFRIM AR, MR REONR A, M R T P T I 32 B Gt R R K . T R Ak
YOy NI — P I 2 AR R T 5, iR TAR GBS, AR S8 B0 1 s A HH R AUEE 40 4
REME RO BE = e 50, 7T DU T4 RRAESREL. B T AL S 5 T - 32 oy ik (PCA) B e S5 R 5 5 4k
—HHRPEAAH AR &, BT DUSE AT M A3 B ) 3]

TRESE(2013) [41EEL T HEIMIR O AN E W, X B KT 700, 3 HmERr . w8
T WIS G L, KGR AE(2015) [S1X ST LK Sk AT 2 5o b, 19T (a] = 2013 4510 H. 6 H. 7 HK
JTT G A, 2 R) R R B DLSR RN G, A8 S R ) o AR, 1 B 5 Yo R B AR RS
Jel. BRMES(2016) [61FIFH 2 B /0 Bridixd SO P AV R B AT 700, S5 AR EE. @A B
e 7K 58 (4 3 B2 TR, S PR Wi T v e e M B X 4. R [EAEAE(2018) [717E B HE S AR BOK TR 78 B,
FERAEB EEIS 408 TN, TP, COD. XIZ. K52 (2021) [8]0 sy /K B AN, = 24 #EAT VR, Al
ZHITIE, IREVHO 3 TG Yl S A A A G, I Gh A BT R 2 B0 B HEAT AT

ARSI F A A HTIERTE 10 4 5 RAES SR GL0R 2, IR SR B R I — N, ST
KUK BRSNS RT IO 7T, BT e 8 AN I s W T /K B R B % SR HEAT AT, R R I i 3
KRS BB bR IS e o3 AU, D ORA R 8 TR ORI 5 i = AR AR &

DOI: 10.12677/jwrr.2023.123029 257 IK BRI T


https://doi.org/10.12677/jwrr.2023.123029
http://creativecommons.org/licenses/by/4.0/

He T R 3T B BT KPR P A

2. Xig#ER

W, RPEPE KW, K4 5464 km, KIET RS R CEE R L ACEE 200 28 B, s JE7EL
KB KETRNENE, WIRAERL 752,443 km®. ERBAE SR X . B mEX . BETFREX . w2
[ B R K ERFK RS ) KR 2 —. BT AZIESITA B AR R 2R B2, S ) i /K PR 85 TH] 1 35 1F 2 Bk
e @, PEGiit, A AEEHEBE TR ST 75 K AR RG4S BB 2408 1600 /5 t. e, Tk
JRAKHERCE S e, FERE T B, il tbah, S iEaE A S Ly . KR
B R ), I ja) AR o TR AR K IR I I B T — RE I .
3. fiIRG=E
3.1. ERSHTE

TR WK R AR A B IR — E IR N DB G AR B @EEEL T, RegesTER
BRI, A LU AR R A B S B [9]. Al LER N LR AR
k —
XX,
f()zz—_ m
R x,x,x,0, REMHERE,  f(x,x,x,x, ) RN ERSRE, ¥ REGHERESE i NERS NI
E,Z;E%%iﬁiﬁﬁ%ﬂio
TRtk WE ST ERE R E RSy . HirE AR N
(2)
Reb: PO RREE j AT A5, n RAWREREAERE, v, 25 i NMERAER j AR, Y, X
(UL PR S48
3.2. Z-Score tRE4
Z-Score FRAELL B AL B — R Ok, 8IS S RENS K AN R B BE AL N GBI Z-Score JMME
HBEAT EL AL

xz-swre = aG . (3)

Rrpe xRS x, NEEAEOR, ¥, NRIAEURITIM, o, NRGEER R .
4. |REEEIFEF 51N
4.1. ¥5FFIZEL

Y& E K Gt /A AE SIS ILE KA GRS EL) FoRT/RKFAEEER 4 [10], EBUL2E 7R = K
M), REHBUSEOE) . SEHEOE) . SBEHEECE ) SRR R KRR ALEE AE 1 (0T
i/ EDVE AR Fe b, o BRKIG BEBEREAC B B8 Jy T/ B N dahs, B L TRAC N IEFe bR B AT 1T 5.

4.2. BRI HEEFES TFMN

RO 2011~2021 FRIEHR AT T BT 2020 SF3ER 4 Wi ek 4eE 290, Bmshok, 2Bk 2020
FEREIEG, AR T, JRIEEIE WS 1, bR EEE W 2. E 2, b E R TR A E
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HERREN x, BEHREN x, BEIEN 3, BBEHEE N x AMSEHEE R x5, FKIGF AL
FREE S1N x6 (2 2)o

Table 1. Main pollutant index data of the Yellow River basin during the past ten years
= 1. 'R T E SRR

Ty WEREECTH) BRI SR GBI AR PRAE AL B A (T )

2011 7,421,143 716,981 1,644,603 186,800 6496 2,378,340
2012 7,201,543 698,815 1,721,375 177,150 6158 2,340,745
2013 6,980,128 674,794 1,684,615 176,475 5790 2,237,450
2014 6,807,337 654,604 1,697,314 191,593 5716 2,229,420
2015 6,642,006 633,991 1,801,823 210,342 5562 2,104,590
2016 1,554,970 138,042 328,153 19,847 2332 2060461.5
2017 1,412,047 124,589 312,951 15,456 1381 1,994,579
2018 1,351,209 119,743 312,826 13,737 1361 1928696.5
2019 7,003,922 250,531 791,629 71,078 784 1796931.5
2021 1,292,684 112,704 308,678 12,149 1015 1,862,814

Table 2. The standardized data of major pollutants over the past ten years in the Yellow River Basin

2. WRE R E RS E LR

GR X1 X2 X3 X4 X5 X6

2011 0.91428 1.08322 0.83418 0.90669 1.15613 —0.58111
2012 0.83864 1.0186 0.9438 0.7964 1.01836 —0.53428
2013 0.76238 0.93315 0.89131 0.78869 0.86837 —0.86699
2014 0.70286 0.86132 0.90944 0.96146 0.83821 —0.45486
2015 0.64592 0.788 1.05867 1.17573 0.77544 —0.65633
2016 —1.10623 —-0.97627 —1.04556 —1.00129 —0.54107 —0.41663
2017 —1.15546 —1.02413 —1.06727 —1.05147 —0.92869 —0.14125
2018 —1.17641 —1.04137 —1.06744 -1.07112 —0.93684 0.28071
2019 —1.77058 —0.57611 —0.38377 —0.41581 —1.17202 2.40448
2021 —1.19657 —1.06641 —1.07337 —1.08927 —1.07787 0.96625

Xt R 4T KMO #:%:, KMO 18 (Kolmogorov-Maruyama Normalized Variance)s& — 4115, F T &
AR . B RN EE S A S I S AR 2 (RN 25 R R AHSE, KMO fEN 0.726 > 0.6, TR
RIAE . ESSRIREERIERE 5, IR0 N 117.246, B EMH/AKF P 4 0.001 < 0.05. Kk, AridEmE
i FEAUE &R FH R ik AT i A .

¥ EREEBEAT A SCPE BT (B 1), SR REIR MR 22 40 56 53 A1 7 V5 P4l R AE UK 5T 2 850 18] B A S 1
MRABBEAEFRILT 0 R LB AR ALERR, WA ZEZET-1 M1, WERR PCA WM EEZ
A A7 CEAR SR FOAH SC R IEAH DG G R (1] BRI XA 1 A OCHEAE BEEAT SRARFFIEAE , 15 B 3 ooy ook X Rt
TUHRE (% 3).
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Figure 1. Correlation matrix of major pollutant indicators

B 1. EESRMIErRE XN

Table 3. The eigenvalues and contribution rates of the pollution index matrix characteristics in the Yellow River

3. BB R E M FHE(E S RS TURRER

o IR RHEE PRI 7 A
Bt TTHRH % E% Bt TR % ZH %
1 5.286 88.096 88.096 5.286 88.096 88.096
2 0.667 11.113 99.210
3 0.031 0.524 99.734
4 0.010 0.171 99.905
5 0.005 0.077 99.983
6 0.001 0.017 100.000

RYEIRE R M ESR AR > 1, BiH5iEE > 80%), BN ENTTHRE N 88.096%, Zitii—1
ERGr, BIERS 1, HERU TR N 88.096%, WIGHHHE(E N 5.286. F s 1 vl LA 3 25 Jeh il 46K
HE S .

B R BEE AT M  RE S, 15 B R K R B YR T R

F =0.4302x, +0.4268x, +0.4198x, +0.4198x, +0.4321x, — 0.3060x, 4)

RS LRI R, R 10 S5 RUET RV b B s AT RE TS, RN 10 SRS RS DL Bk AT B AL HE
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Yo Horb, UK, ACRIZFEMTT RBERCE 4).

Table 4. Ranking of pollution in the Yellow River basin
F 4. BIMREISRBERAR

A LRETRI(F) 4 Fo ZRETIN(F) 4
2011 2.263842 1 2016 —1.85815 6
2012 2.12958 2 2017 —2.18169 7
2015 2.088099 3 2018 ~2.33902 8
2013 2.07203 4 2019 ~2.58545 9
2014 1.956763 5 2021 —2.6392 10

SRR, AR, SRR R E ST, 15U R REIR. 20112014 SR, 15U AR
HATRE, (BB, 2014~2015 4EI, T3 YA BRI . 2016~2021 4, BRBGCEE R Itk
2021 4, HLAS-2.6392, N TERAGME. SN ZEMIAT, WA T Y B,
5. U 2021 KRS REE S TIEMN
5.1. 2021 ESREEH TR

ERR 2021 4 HFI BT BRI TR R, E 305 KR RS R 2R 0. A9 RBEGEIHE %) A
FE 5. 4 KK R 1380 S 00 0 R BT A LA AR R R 8 AT U DU 11 B o 2 s
IS T 1. JIR BRI RN « /MBS /K FE OB 1), BA CH KR8 AR HE) (GB 3838-2002)
JIRRYE, R IS IR pHL FURRREL. AR U WE. ORI 2021 4 4-11 F T ST R
HEAT AT . 325 JAR T 4~10 F T e 035 B V5 ey T4 1

Table 5. The average values of major pollutants at the cross-section monitoring stations from April to October

2 5. 4~10 A B Mt = B 54198

Wir i pH I ER R 2 (mg/L) & (mg/L) HRE (mg/L) MU (mg/L)
R 7.613805 1.748621 0.205466 7.633841 210.1434
L RE 7.911845 2.450171 0.269587 8.425651 237.0031
NN 7.956609 2.044661 0.198869 8.310427 60.04444
&0 8.096393 3.64957 0.046788 8.398193 746.8981
PIEE 7905 8.194109 1.971282 0.204919 8.367145 17.86808
AR R 8.001917 3.656262 0.321866 6.806277 534.3458
/MR 7.930298 1.9485 0.178332 7.962214 15.34398
i 8.424093 2.779926 0.218625 7.328015 673.7566

SAII T, BREE W A, oA T TS G SR AR AR IR OV P . RS W e AR R A AR SR AN U
BB, ATRER BT WAL T3 R IX, KR PE KRRV HE NS TR S8 UK D Wi i R A,
BT/ INMRIEK B RY TRERITRE, SECT K& B8 A 2).
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Figure 2. Regional standardized values for major pollutant indicators

B 2. FEFRMIERNXERELE

5.2.2021 £EEEAEESE 0

1) 8 TR . A8 W 7 T P4 52ty B EE 9 R T o OKERE 10 b1 M 0 K5 3 i Z-Score krifEAb S, #EAT >
T Hob, VEREFRRR MR AR, KT IEFE AR S TR ARHEAGEE R LR 6. IRIER 6 HhEdE
3t KMO {4 0.675, EEMER 0.001 < 0.05. K LREARIATHISHE 20T, SR I 3. RGE 3 HRFIE(E,
B 6 FIFFIF(E S E A DTk, ML SR 7.

MRIEFEEE R I ESR (R TTIR R > 80%, HHAE(H > 1), RiHRERNAEM S, BIFEmS 1 5FEm5S 2,
H R TTERZEIAH] 96.019%. FE RS | MFE RS 2 SLEISRAE 5 25 Je b 4 G5 S B .

Table 6. Standardized data on major pollutants in Dengkou section

6. B OBTEEZ SRR ELCEIE

i 1l pH IR E AR A T

4 A —1.59932 —2.26542 —2.16090 2.22232 2.26779
5H —0.65888 0.34519 —0.05141 —0.58356 —0.37808
6 H —0.26265 0.36353 0.21654 —0.30364 —0.37802
7H 0.04006 0.32733 0.22302 —0.25760 —0.37793
8 H 0.19029 0.36226 0.28928 —0.20572 —0.37790
9H 0.77240 0.39995 0.58810 —0.17147 —0.37791
10 A 1.51810 0.46715 0.89537 —0.70034 —0.37795
11 A 1.43114 2.01208 —1.86410 —1.69207 0.03954

Table 7. Dengkou section characteristic values and principal component contribution rate

= 7. MOBEHEES M9 T E

s %%ﬁﬁﬁ SRELHAT T

£t T A% Bt

1 3.251 65.018 65.018 3.251

2 1.550 31.001 96.019 1.550
3 0.096 1.913 97.933
4 0.062 1.248 99.181
5 0.041 0.819 100.000
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Figure 3. Correlation coefficient of standardized indicators for major pollutants in Dengkou section

B 3. 7% OETEEZ5 2R ELIERE X T

W LG BT R, WRR RS | SERT 2 MNRETIE RS F,

F, =0.5085x, +0.4974x, —0.5389x, — 0.4501x, +0.0324x, 5)
F, =0.2519x, +0.3127x, +0.1901x, + 0.4423x, — 0.7945x, (6)
¥ F 5 R ARIBTTZE 0 TG, A5 HEE W 2021 KR ZRE RN TR
Fis 1, =0.4086x, +0.4202x, —0.3165x; —0.1554x, — 0.2252x; @)
2) AF VMR AW T SRS WA R, L KMO fE08 0.728, EEMESN 0.000. ERr 1
DUHRZEN 92.109%, $EE—F R #4774 A )1 Wi e 1t Rk KR«
F s =—0.4612x, +0.4628x, +0.4296x; +0.4320x, + 0.4494x, ®)
3) R RRVEWH : PRI AN AT . R R RV W I e kAN
Fyy gy = 0.3792x; — 0.1597x, + 0.4202x, +0.2926x, —0.0982x; )
4) W FEERA R AT AT . P TRV W £ 1 Rk AR
Fipmprm = 0.4155x, +0.0899x, +0.3035x; —0.2563x, +0.3537x; (10)
5) T FFEKPEWTTH . FREUPAS B AT 0T . 3 S FEAK PR W T 2 1 ik KON -
Frse g = 0.3953x, +0.0354x, +0.4101x, —0.3493x, +0.1538x; (11)
6) RERPE MW : FEEPA B AT 0T o R R W7 T 26 1 a8 KO -
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Fin o = 03305, +0.4554x, +0.4537x, —0.4895x, +0.4877x, (12)
7) ANRJEKZECNRIE): SREIAS E BT 70 BT o INIRJE K 22 Wi L 28 K0 -
Fpnnne = 0-3906x, —0.0742x, +0.3859x, —0.2118x, +0.3813x, (13)
8) ¥RH: F-H—AERIFBEAT T PRI W 2 it R IA A
Fy,, =0.4363x, +0.4468x, +0.4628x, +0.4284x, +0.4606x; (14)

6. i1ig

BRI A KTS G T R B, 2011~2021 47, BEAUIECE 2011 5. 2012 EIREERZ, 1 2013, 2014
EIREA /MBS, (AEEHERRT L, RIS LR AR ELRE S AWIG R, YA BEA TR
V5 ABARAE 2021 Tk B EARAE . BN 2021 4 4~11 HKIREE 0B, 2021 45, A1) 1R R85 1T
PSR R T T P i B R SR v, TR BB ACE R . R RIS . 0 K IR KW R KR I T )
TREFEEMNDOAE L /NIRJER K ZE W T AN 1T I R SOGTEh FE R AR

TR B PR £ FE B I WK TS YRR B I — AN S R AR . — ok UL, mAR R s fe B, KN & R,
KRR ZE . HeAh, FWFFCIRE, SRR SRR KT ENY . "A. SBEERRICREY], oL T ixX
PRIIERG VAN o B8 1 IR I 57 VAT 25T S DX e Jog DRV R 5| B IX, T DA A2 DX 0 s i PR 6 i B8 = AR A T
RE A DR AR J5 1R /KA A L3 b KB MR S 80 . BRI IX 1) s R Sh R B, (R 5l JLAF
AT S, KPR ESERERIEROEH TSN, FEAL& DX, 4 2020 45 02 s 5 & &61E,
FERERIAEA . PR RE . P . DR 2GR, KOptah Al s s R e [12], Rl e EfE e
Ji, B0 EREHEE R R ENUAERIEA, > TR SR &, (2 sRegkl[13].

A VP U T AR RV DY e T T DX SR AR IR T b X, AR 7T B A DR Al i o 1 A2 AHE N RT3 5 350 B )
R R SRR HO S, BRI R BAR M T Ly, S22 M TS K s R, Hop, Tolkis /K BAAKEE
K, BESTGKAAHE A FFEBFFER K, B EIEHS 5 K& IEA L, MR N S AN, Fr
DIHFRCER IR 2, A ETg KGR HES 0 R, Rl e A, B M7 T #s  EhETK . F & 8 29 2020 4
25 T RS K HEO B«

Table 8. Comparison of total sewage discharge in Lanzhou City [14]
= 8. MR ISIKHEATEE[14]

5 SR (T ) A (IME) BRI EBECTIIE)
Aol 1.75 0.016 0.09 0.02
Tolk 0313 0.01 0.07 0.0029
AR 1.14 981.43 0.32 119.82

JRU RS W T 52 TR S S A IE A, X ARG B S A MR EL, FEAR R AT T XHAIX, A2 dkiT i
IKFEMAEER, R 2 P X e, 5 JE RS, B DL R Eh Fe H s

ZINVIR B 7 P2 W T 3 Xk P ) DR A v, (E SEPR B AR, R RO AE T S AR A v /N VR R X ) A £
fi, MECT HARIXEAR, BrOMES T SEAE R sk BERR AR BO R o [FIRE, U IBER M i o e 11 i ok 58
o, AHRHAMEUE AR T HAR X R, P DM HL ok IF AN RE i T ek R e AR T RE SR R
2 51 s RERE 2 EIR K, R K E MRS BEA T .

R I W7 TR e P e AR AT i 5 /IR EOK B UK b 9%, BERT/IMIRIE 2021 4K 6 A 19 HIFRBUK D, Pt
20 K[15], FEBOKMFDREFE 2 rh, 2 DO KM R B 3Tt JF HAESS b b fs )T R RVE[16], S5 I
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PRI A B
7. &hig

AR EH I R 2T (PCAYWIE FE BT AR K B R0 o 38 1A T BT A B PP A 4R b, 75
B RURAB R R . RN, 2011~2021 4F, BEIFURLE 2011 4R, 2012 E3RBERZE, 1 2013, 2014 4F
WA /IMEREW AN, (HEARIREAE R A, 75 AR PRAE 2021 SR B HARME . 2021 48, AT . £ K
IR R T T ) e R R b e, SRR, T RT3 XSS K BRI L XU I DR T T £ R
EEFEEDRAA L R D 2 SO MR .

SE
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