ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % # 3 $36 % 51

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 20154 1 A 15 H

H K

2013 £ Z FMAD A5 Y B I A BT O, SRR <ooveereeeeeees FiE, B, AR, ZRT, THEY,
.......................................... HmE, THE, P, TH, BB, Tam, A%, BHE, FATF, BEEC 1)
G114 ETEFS VOCs 15U E F B R covveeernrerensniee st HE RS HIRTIER 1)
AT 10 AFTRERE & K NO, HYIS 28 AU BTG YRR ooeevmeermmmeemmesmmeeeeeieens M AR AL ERA( 18 )
A REIA A A LB TR B KK VR RS T L -eeeeeeeeee BE N, & RE,FRE AW, B HER,RA (25 )
AR S-S B8 T ARSI % (GC-PDHID ) SpHT K 70 T2 (H, ) WREE ooeeveee KRR, TRE AR, B, KR( 34 )
IR K B 4 5000 18 1305 L IR i CO, A BT G R oo RALT, B/, KR (40 )
T 75 th [ 250 A T MU AL (45T T G MEI TR ZEHIFGT e evvveeessmneeennneeesnnneesnnieeannnneans BT, KA AR 49 )
SET Landsat 8 SEAAM B VIR TR AP PIIRE woeevveerneenimennnenees WENE KB, EF  ded, AAR, THIK( 56 )
R IR QR T e AN =0 i b1 L 1| PP LNE FRE BEBDH( 64 )
NEIE BT KRR . LAVGTL A LSRRt i) -ooeeeeeemeeemmeneennees TP R A AR, 25( 72)
R A GRS AN (RIS 2508 R AR AL AR B MA I ATFFE oo evveeememe e AL R, A, FH,HF( 80 )
B R IITTAR I AT AL S R A R AE B LW ARG, weeeemeveeemmmmeeenneeees JR3E RARL Ak ZE, E X5 ( 87 )
LNy IR i LTSIt o T T O S S s o TR LT T TR PP A B R (94 )
KA A T 1o TR AT TR AL BT SR [T BAI] - vveevveeeemeeemee e e st AmE . E K, FER(107)
W KB K I B 75 A B ZS MBI veeevreeeesnnneeenneeessnieeesieee e Rl x|E4% HER BK, EHE(114)
RAE/ IR A B MRAFIE 25 T FLEZS AEAE, eeveeneeneeneeneineaeae e A, B F A, kA, EA(121)
R 2R DX AR PN SR A 25 [ AR RRAIE oo evveeememeememeememesseeeee I % AFR, EXZF , R2TH(130)
SR XK AR E A NIRRT Z5 A ALARAE < vveervveermeesneeenie e M T, RS, FXE(136)

PRIE AR X IR JAE DX 917 b S rh AR IR — T R 1) _E B B SR IR e ovveemeeemeeenemenses s
................................................................................................ 5}{%%’7}(;&%’ _{gﬁjﬁd&’iﬁ( 143 )

AR IR A P YR BT HLT ( DOM) MRS B B ETERERRAE  weeeeeeermmreeee s
..................................................................... Bk, EEE REE . RYR EXE,EHe A, RE(151)
FHL A O B (CDOM) 1 =G G- FATR T oeereeeeerreeeeens B, #RE, A%, KER, BRF(163)

ST /INE TS TE Kb T 7K T 2 R348 55 WL 25 15 Y AE B AN AT + - veervveeenseesnneesnieeeniie ettt et
.............................................................................. BER KPR, T, BENF SRR, R G Rm(172)
BT MK RRZVUERY T PAHs 43 HT 5 KU PFAL  oeeerenennereeeennns B, EF, B, AW, A ES (179 )
PR TR M T AT e U PP (A 28 X EE AT s DAL BTSSR ] oo Fo s, LA, 50k, PR (186 )

RIGWE R B RK- LIERRRE S KN - KER, 25, Kek, £3, HUE, AL, KAF, ZF0(194)
TR R M PSSR - R ESE 5 B IR -+ ververeereeremsennesseenesue et ie e s e

...................................................... B, KIE, ME, BEA, FiM, T, BEE, KEM, HE(202)
LA AR S P R SRR TR A BRIETE «oveeeeemeemneeneeeees VR, RN, B4, TRMW,EEE RWA(209 )
R E T A T DUBRZZ TG EIFSE - vveveeermeerneeneenseeneanseeieanieeieans R EER EWAE, KEZ(215)
Bl BT X B B T IR AT oveerveerveesseesneesseesneenie st WHE MR BT, HE( 221)
JE B - U -5 A R T AL TS = LTI v eevveemseemeeseenne e kU, LA, REE(227)
W I R X ANAMMOX T 3T {5 /K AL FEARGE AP B A I ORI oveeeeeeessesnesssc

............................................................... MAER WA, B8, BT, FRE, D6, BEE, KEM(237)
FISH-NanoSIMS FEARTEIF AP S ERIRIRITE  wvveeerrremmmmnesmeees VRR AR A AL ( 244 )
TR BT 2R LR 00 R B o A v M AT T P B S e - M EEHE TR, MM, X IR, x4 e BRI 252 )
TRAEPIER AN BT 1 | BC B HEBR R ARAFAGIEAL «ovveemeeemmememmeneenns YA, FRE, BA HR, AT A(259)
FP LT U 15 2K A B0 2 i oG BILGUAR Z 0053 A B AL ++vevveemveesseesse et et ettt ettt

............................................................... WAEMN, OB BB AP E e EREYL KA 266)
PO Bt L B 75 A Sk S v 2 SRR TS YK BRI oo A% - eF FRR, ZHF,MER, MAHE(274)
K SRR 0 A BRI (VAR ] <eeveereeeesseeneesseeeene e At F A FH A% ( 280 )
AN B HCHE | 4R B T AL 2L TGS IR EAIR] ++eovverveoseesseseeseeseeseest et e ettt ettt

......................................................... BEAEIE 3R R AT WO, BR, Kb B b R4, MAEIR( 286 )
JE T T B K AR PR TC AR AT YLRRAE  -veeerereeremeemmmenneeneeees Bk RA N P, R KT R (1295)
PR RN R] 3t R IS B 300G ( Se ) 73 Ai SR -+ WEEL, B 4, Rota k= B e LR, A RSN 301 )
AN R BRSBTS E AR FIHIFTE oo RANE GARM, EANR, BRI, RER JLEA(309)
B ERMAPUALT Cu, Zn FEARR M HIErh B S B E S eveeeeeeeeeee WA, 0, KA, R EA( 314 )
AR T A TE AT I L R E ARATT - veevveeremenseenseesneenseesseesnse e s asieeae e Wil R, ERT FAE AT, T HEE(325)
AR 2E Fenton FALTBIRATIGIE «oooveeeervrreemmmenmneeee x| & Be, KA, W, G R A R IR ELET (0 333)
BE TP I T AR AL SRR 0 U A R FHPERIEZE oovvveeeeemmenineneeeeeens wEE, KAW, B/, X E(338)
— BT Turn-on” ZOCIRE T TR Z T HALKGI o eeomereemmemmmeeneeenn XNEE, B, BEE, HFE(343)
HLAYEE - DA T AFFAETIAT <oveeremeereeereseee KA, T RAT, TH HE, 7BEs(349)
FH E R IR SRR A DUBRABI S <o eveeeeeeeeees ARG, B E , TR, SR, R, REIE, B33 ( 357 )
DT AR IRE ZE KA T (7T g B AT TR AT I BAIE o veevveeermeeesneeennneensseesitte st e st e FEH, ZHF(365)

CREERIENETT R 2 (251) (AIERLZE ) AERG 700 (294) % 5.(236,243,273,300)



536 45 1 B2 i) B 2

Vol.36,No. 1
201541 H ENVIRONMENTAL SCIENCE

Jan. ,2015

i 3 U T A I K AR 7T R B = S RAFE AL S SRR IR A

TN AR B

(1. PR H IR 5T BE B At 2100935 2. RN ERF R KR S BPIF A, RN 325035)

TEE . AN[RIZET 2205 YWy i 2s 0] 50 A5 FRAE B L rs e 175 o U5 A B X K 0 V548 71 5 9 e 4 ol LA T 20 L. AR5 i
GIS. FERIT 37 B 4T 2008-09 ~2009-10 IR EFHER K AL . DO, S | pH, &  NH, -N, NO, . NO; , PO}~ Si0*~ |
H,S. TOC, TN &F7K Bt S E AT HE 25 43 SEARAE A3 B A A2 15 Y IR iR 1. S5 R R BRI S P9 Sk 0 . Sk BT | Aok i s 7 s
YW TN, NH, -N, PO, , R { F Tl AR TS R 25 () Bk Bys Yo Re R =90l il > 98 > — 208, it Il
TTTE T XK TR S TR X AR 5 B[R] _E oK s G R R K > Pk > Sk SiAME R A s R S
R LR TR B PET K B 7= A T A [ A BE P s i

SKEBIA IRFTITAY s FERT T B ZS AR RARHE V5 IR s A JSTE B

FESES. X522 XEFRIRE. A XEHS: 0250-3301(2015)01-0064-08 DOI: 10. 13227/j. hjkx. 2015.01. 009

Spatio-temporal Characteristics and Source Identification of Water Pollutants in

Wenruitang River Watershed

MA Xiao-xue'?, WANG La-chun'*, LIAO Ling-ling’

(1. School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210093, China; 2. Institute of Water Science and
Environmental Ecology, Wenzhou Medical University, Wenzhou 325035, China)

Abstract: Identifying the temp-spatial distribution and sources of water pollutants is of great significance for efficient water quality
management pollution control in Wenruitang River watershed, China. A total of twelve water quality parameters, including
temperature, pH, dissolved oxygen(DO) , total nitrogen( TN), ammonia nitrogen (NH, -N) , electrical conductivity(EC) , turbidity
(Turb) , nitrite-N(NO, ), nitrate-N(NO; ), phosphate-P(PO] ™) , total organic carbon(TOC) and silicate (SiO3™ ), were analyzed
from September, 2008 to October, 2009. Geographic information system( GIS) and principal component analysis( PCA) were used to
determine the spatial distribution and to apportion the sources of pollutants. The results demonstrated that TN,NH, -N,PO;~ were the
main pollutants during flow period, wet period, dry period, respectively, which was mainly caused by urban point sources and
agricultural and rural non-point sources. In spatial terms, the order of pollution was tertiary river > secondary river > primary river,
while the water quality was worse in city zones than in the suburb and wetland zone regardless of the river classification. In temporal
terms, the order of pollution was dry period > wet period > flow period. Population density, land use type and water transfer affected the
water quality in Wenruitang River.

Key words : water quality assessment; principal component analysis; temporal and spatial variation characteristics; pollution source

apportionment ; anthropogenic activities
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Fig. 1 Wenruitang River watershed and its sampling sites
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Table 1  Loadings of 12 selected variables on VARIMAX rotated factor in dry period, wet period, flow period

I H 24 H— T B F Ay 5= E WA EAES Wiy
EC 0. 493 0. 659 0.527 -0.019
L 0.171 0.597 -0.716 -0.028
pH 0.21 0. 566 -0.504 0.501
hEE -0.021 0. 802 0.511 0. 009
DO -0.536 -0.285 0.337 0. 504
K TOC 0.542 -0.327 0. 045 0.273
TN 0.925 -0.167 0. 041 0.188
PO} - 0.94 -0.122 -0.037 0. 043
NO, -0.122 0. 007 -0.248 -0.615
NO; -0. 465 0.32 0.221 0.057
NH, 0. 949 -0.093 0.017 0. 055
Sio, 0.677 0. 004 0.278 -0.42
THk%/ % 33.6 16.7 14.8 10.7
Rt ik R/ % 33.6 50.3 65.1 75.8
EC 0. 561 0.538 0.59 0.057
R -0.035 -0. 663 0.534 -0.016
pH -0.004 -0.397 0. 425 -0.097
i -0.043 0.322 0. 904 -0.107
DO -0.536 0. 46 0.158 -0.292
ok TOC 0.935 0.035 -0.023 -0.126
TN 0.982 0. 047 -0.048 -0.03
PO; - 0.93 -0.175 -0.051 -0.016
NO, -0.112 -0. 446 0.26 0.776
NO; -0.349 0. 621 -0.06 0.535
NH, 0.975 0.021 -0.037 -0.037
Sio, 0. 652 0.25 -0.041 0. 425
Tk % 39.9 15 14.6 10.7
Rt BHk R % 39.9 54.9 69.5 80.2
EC 0. 044 -0.039 0.704 0. 46
L 0.114 0.784 -0.021 -0.23
pH -0.132 0.271 -0. 686 0.534
Uz -0. 065 0.246 0. 686 0. 394
DO -0.675 -0.472 0. 069 0. 144
. TOC 0.571 0.525 0.323 -0.378
TN 0.926 -0.236 -0.116 0.191
P03 - 0. 863 -0.095 -0.134 0.293
NO, 0.057 0. 689 -0.22 0. 099
NO; 0. 047 0. 638 0. 064 0.352
NH; 0.84 -0.355 -0. 055 0.242
Sio, 0.579 -0.216 0.113 -0.415
BIHRR/ % 28.8 20.4 18 12.2
Fit ok R/ % 28.8 49.2 67.2 79. 4
2.2 JKJEETZE o SRR Vo BRSSO ANT . 2005 4R R EE

i I AR R N T K IR BE R A Gk . CIRC AR BN FES YR B R E AL Y
ISR FRIESE, KB 2005 AEFUR R 50% A AR 25 A MRS S BTV 28KOK BibRiE RIS V 2ok
Wk SR K B EE e M 45 V28 JFAE 2006 ARIAF] BrARERY S AL 53 0 10 ASFT 16 AN, 5 ST B
100% , £ ZJ5 BN KT — EAA T4 VMK 19 14.4% F146.2%. 2006 474 7 WriTA K5I8 W
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Fig. 4 Comprehensive score of the sampling sites in dry period
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