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Abstract: In order to provide scientific supports for rivers ecological management of the Three Gorges Reservoir, we
conducted a study to determine the spatial and temporal differentiation of water quality in the Gufu River. Gufu River, a
tributary of Xiangxi River flowing into Three Gorges Reservoir, passes Shennongjia Forest District and Xingshan County,
Hubei Province, Central China. We arranged 20 sampling sites along the Gufu River and measured 9 water quality

parameters once a month from August 2010 to July 2011 at these sites. According to landscape difference, the sampling sites
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were divided into 4 groups; forest area ( Group A), cultivated land area ( Group B), reservoir area ( Group C), village/
small town area ( Group D). According to hydrological rhythm, May to August were classed as wet season, and the other
months were classed as dry season. The 9 water quality parameters were; total nitrogen (TN), dissolved oxygen (DO),
total organic carbon (TOC), total phosphorus (TP), silicon dioxide (SiO,), electrical conductivity (EC), chemical
oxygen demand (COD) , total hardness( T-Hard ) and total alkalinity ( T-Alk). Using the Discriminant Analysis (DA) and
Analysis of Variance (ANOVA) , we found the water quality showed spatial and temporal differentiation pattern; TP, SiO,,
EC, COD, T-Hard and T-Alk are significantly different among the different spatial group; TN, COD, DO, SiO, and TOC
are different among the seasons; all water quality parameters presented significant seasonal changes at different spatial types.
Using the Principal Component Analysis (PCA), we found the factor determining the water quality at different part of the
river in different seasons. At the forest area ( Group A), SiO, and TOC were the main factors which affect the water quality
in the wet seasons, but in the dry seasons TP, SiO,, TOC and COD were the mainly factors, which indicated that in forest
area water quality was influenced by the natural factor such as surface runoff, vegetation and weathering. At the cultivated
land area ( Group B), in the wet season, T-Hard and TOC were the main factors affecting water quality while in the dry
season TP, COD, T-Hard and T-Alk were the main factors affecting water quality. In cultivated land area, the variation of
water quality was not only caused by the influence of natural factors, but also by factors of human activities such as
agricultural runoff and domestic sewage without treatment. At reservoir area( Group C), SiO,, TN and TP were the main
factors affecting water quality in the wet season, while TN, TOC and SiO, were the main factors in the dry seasons. The
water quality of the stream beside the villages/ small towns was influenced by nitrogen and phosphorus particle entering into
reservoir with farmland runoff, surface runoff and untreated domestic sewage. At village/ small town area ( Group D),
Si0,, TN and TP were the main factors affecting water quality in the wet season, while T-Alk, T-Hard, TN and TOC were
the main factors in the dry seasons. The water quality at the village/ small town area was influenced by municipal sewage,
agricultural runoff. Our study indicated that the water quality of Gufu River is affected by natural and anthropogenic factors
and the later one are greater. Therefore, the strengthening of the management and protection of water resources and good

long-term water quality monitoring is particularly important for the improvement of water quality.

Key Words: Discriminant Analysis ( DA ); Principal Component Analysis ( PCA); water quality; spatial-temporal
disparity; Gufu River
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ST T R WA K FURRAE ; Kannel 45" 254532 F CA \PCA F1 DA 7E 73 W NS85 (JE TR ) B AR 2 35 Tl 11y
K TS AR AR AR A SERR B 6 T KT 25 A8 Ak 5 - R 28 B A 56 2  Mendiguchia %5132 CA 1 PCA
X PG BE 2 TGk B 4 70 i N R PR S W 2R AT T PEH ; Alberto 5581 Qadir 25 ] 22 T8 48 11 J7 125 73 31 4 Bl AR 5
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1000 m LA b oA de X R A T B0 A At Jo S 35 A PR AR W O W S B AR, BRAE AR N DL R TR S AR
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1/2 REEAb A T/KFERAE . SEHUH 9 /K Bi48FRA SV ( Total phosphorus, TP ) &% ( Total nitrogen, TN) fb2%
7 4.2 ( Chemical oxygen demand, COD) ¥ fi# % ( Dissolved oxygen, DO) B & ( Total alkalinity, T-Alk ) A i
(Total hardness, T-Hard) , % fbkE ( Silicon dioxide, SiO,) B, (Electrical conductivity, EC) &4 LK ( Total
organic carbon,TOC) , H:H DO SR ZERE 4 5% YSI 550A Fg 455 20 i S0 I i AL B 3700 i | e S 3 feff e )
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Fig.1 Study area and sampling points distribution
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Table 1 Land use types of all sampling sites

F-#F 20 Land use types KA 5 Number of the sampling location

FRHK Forest (A 41 Group A) GFO1,GF02 ,GF03,GF04

HFHb Cultivated land (B 21 Group B) GF05,GF06,GF07,GF08, GF09, GF 12,GF13
7K Reservoir ( C 41 Group C) GF10,GF11,GF14,GF15,GF15a,GF18,GF19
FH44 Village and small town (D 21 Group D) GF16,GF17

K Wilks' N F 0 Wi o B B A | Wb FAIE 21 1] 25 8] $2 3 1 22 53 i /K B 38 p ik — 25 50 UE AUl 4%
FNGH R IR AE A (3R 2) SRR (3R 3) MR REUE MR (R 4) . IR 2 AT LUE 3 /0 51 s A
R T A K TR bR, Wilks'\ AR 7 28050 54 0.002—0.287 1 16.245—79.219, 5 pRE 1 A1 2 1) 8 %
PERGIE Y /NT 0.01, R IIZS A48 %0, P R %R 3 B9 8 B PERG IO(E R T 0.01, tE— 2 R I 3 s 45 1 AN 2
B R

*2 ZEREHNZHEITHRE
Table 2 Eigenvalue, Wilks’ lambda and Chi-Sqr. Test of spatial DA

H) 5] R %X FRIEMH AHEM: Wilks B9 \ {H R &R A e R e
Discriminant function Eigenvalue Relevance Wilks'\ Chi-square df Significance
1 22.483 0.978 0.002 79.219 24 0.000
2 4.4079 0.903 0.053 38.188 14 0.000
3 2.489 0.845 0.287 16.245 6 0.012

http ; //www.ecologica.cn



17 #5 FEEAE 85 =0 Xy IR R A 25 43 SRR AR 5389

IAFA 55 PR SR R (2 3) B R pRB R K (36 4) T LU, FI 3 ek ek 6 S K B de b, B TP
Si0, \EC .COD T-Hard \T-Alk, iX 6 N/KJBie 45 AT R A 41.B 41 .C 4181 D 4 4 - B, EAT A 25 [h) 22
SEPE KA LI 2, TP BERRCEME HBTE C 4lrp, e D 4, & TALR AR/ B 5 PER A B
4, COD MY AFIME M BAE D 4, 3w TR A7E W PER A B .C 41, EC fe RE3(E L ELTE B
W, e/ NPE M IAE A drp  SRINH AL 2 25 5 . T-Hard A1 T-Alk 78 PO 20 0 e B2 (RS )2 B 41
>SA 4> C4>D 4, R BFEWAM S, Sio, /N FEHIAE D 4, B E KT A7 W&
ZHMAB.CAK2), MLLE 6 MRl LIE H, C.D I IX I, TP COD A XS F HiAth IX 35k
151, 48 BIX — 235 S A AT i AR 3 T 4 DX sl Py 4 b R FH 2 A 2 bRt /K22 R R DL R T 4l ) |, 52
N HSR A Tl AR5 KL R AR, Si0, 12 S8 Kk A s g o6 HoP ek 2.33
mg/ L, 525 KUE A5 2000—2006 AF X B R 1A 37 388 (v J VA0 ) K BB R W ( Si0, ¥R B Ry 2.64—5.90 mg/1.)
HH LG, Bk A8 AT BT RRAIG , T BE -SRI T REEE S 5 K HERCSE NS G sl o6,

R3 HHERE

Table 3 Structure matrix

PR%X Function

AR Variable

1 2 3
S Total phosphorus TP 0.368 0.570 -0.031
T4 Ak E Silicon dioxide SiO, 0.111 -0.552 0.125
15 Electrical conductivity EC -0.015 -0.221 0.519
k275 S i Chemical oxygen demand COD -0.049 0.245 0.095
T# )% Total hardness T-Hard 0.034 -0.044 0.395
% Dissolved oxygen DO -0.202 -0.044 -0.434
B Total alkalinity T-Alk -0.056 -0.506 0.330
JLA Total nitrogen TN -0.038 -0.028 -0.392
JBA MR Total organic carbon TOC * 0.027 0.484 0.137

# IR RS AL 1

x4 TEREBEHAINIWHISERBRE

Table 4 Classification function coefficients of spatial DA

KA 52551 Sampling points category

A5 Bt Variable

A 4 Group A B 41 Group B C 41 Group C D 41 Group D
TP -2534.51 -2489.16 -552.47 ~3204.00
Si0, -128.58 -129.08 -86.56 -179.42
EC 0.52 0.68 1.19 0.23
coD 377.03 385.74 321.66 448.08
T-Hard 40.14 42.59 34.42 49.28
T-Alk 9.37 9.59 8.06 10.14
3 5 Constant -1983.34 -2124.55 -1855.47 -2139.94

Fisher's £k 430 51 bk 54

2.2 RI[EIZS (250 Ao (] ROBEZK R AIE 2 S o3 it
T =0 X AR T FE 14 81.09% 4 Hh A3 A E 5—10 A 1202 3tk A SCRZIX 1 5—10 F X143 i 2
HAAARIAR T2, KBTS A ] AE A8 1 225 SHHOCHERF AT . e B 28 5 22 23097 ( One-Way
ANOVA) ,Br T TP .EC.T-Hard ,T-Alk PA%h, TN COD DO . SiO, fl TOC 52354778 o 3 WA & (P<0.05)
X8 g E VR FR P, COD ELA f KAUAH 5 2% ( Spearman’s R=-0.866) , HiYkJ& DO (R=0.793) ,Si0,( R=-0.
736) ,TOC(R=0.546) LIS TN (R=-0.450) , 5Z= M S 0T LI 5 RS /K BT st ] AR 10 9 = 48 AT
TEARFZS )28 5] |, B Y284k, TP, TN, COD, Si0, ¥ 5 ¥R Ff#a e (18 3) . TP ££ A FIl B £ g
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Fig.2 Spatial variations of six water quality indexes
TP . &% Total phosphorus; COD : {b2% 75 % & Chemical oxygen demand ; EC ; 15 Electrical conductivity ; T-Hard ; f# Total hardness ; T-Alk ; B &

Total alkalinity;SiO, ; — 4 fkfi Silicon dioxide

WEECAR, 7E C A0 D A A A /N, A AL (ERAR) BT RE H TRl A 7% 0 4 A 45 Tl 4R it — 2 A LR, 7E—
FEFRFE AR T AT i W 0 W, T4 TP A BT TR B A (BF ) 76 1-2% Bkt v A7 1 R M 37 SR a8 il +
PRGN A B W R I B A SR T N ) A S A R R v B RO — RS R AT
3L TP AR IR K, TN 76 A gl AR IR, AL g P AR s /N, A Ay, i T bS5 B, = (IR 5k, 761 2= i
o T Ao T, T S B ) bR R B AR R B i3, D5 Ah MR RIS BR: | K T 4252 G RER B I KA
HR A P T ISR TR B R A, AR B Y ROl X B R TR B 2 ARk 22 7R
T RARMHL X, AT P Z5E I 22 S A K, COD il Si0, 7E45 41 i 728 iR 414 K T D 26 (KR4 281
R, B2, A LA I 75 K Bl 94 R 8RR A AR S AT, AT COD MR BEBE N> 5 KRR W S 8ok +
TR, KR v B B I 5 B Si0, 3 ) AT ST R, K Si0, 5 R W i RITIE A  IE A 2ET AR YR Y
gEILS 2 ST, REJE DO B AR R R R (K 3) iR, KR R EES AT EC, T-Hard
N T-Alk RPN A A BARFRTTE, M CAMD ATEATIRSE (K 3), AR £, RZHKEF
EC 5 T-Hard \T-Alk PAS 3 254 0 8 A9 AR G HE , S ARRIFST 45 IR —3, EC A4 B2 IR 45K,
TE C HOKPER ) , T RSB TR R BUE EC BRI D b T 2=tk &0 T B A B
X, BUETERTIRE, B2, A 4Ih ARARER I E 5T 2%, B R XT3 0 A 46 8l K, JEC I b () A 1tk e 2 i
AJKH T B Al BEE 2R R0K , W28 Al 30 2 B SA 1 498 R A 110 7 vk 25 ) B R W 1 AT
AR B PR EERS N, T-Hard 1 T-Alk 78 C.D AR IR AR, A B AP AR L ARBH B, T-Hard F1 T-Alk 58" L
BLIEARSE WK (LR BB SR > R TR 22 R RZL SR H 22 K0 60 MBI AR,
7E A 41 TOC 2 RS M Hbdl b 2 B ash AP bigE g R (B 3), 7EA AP, Z A H
TH/N, H A R BE | 10 2R R 7K FE 3, S XAl RS 5T o, (45 38 v (8 I S ARG A 7% i R A B
AR WBERKT T2, B.C.D A2 LTS W0 2= A5 A B 38 in i & K 1 335
FEPEWE M HTEUEA A AR KA b ) AR A BILR FRAIG, T R 58 R B4 /K I s A 1T K b i L A L
ko 34h, HMIEIIURLA) (G 2R A U 4 o i ) v A BB 1t LU TRl it AE ) B A LR A
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Fig.3 The seasonal variations of water quality at different spatial types

TN. B A Total nilrngen;DO;i@fﬁ’%/ﬁ Dissolved oxygen;TOC;E\ﬁmﬁb‘é Total organic carbon

2.3 KA 3 AR B s e R R

MRt BRI 25 [ 2 ) B 82 51 K B AR AL K R bR, A SCH IR AE(E R T 1 19
B3 RS ) A TR TR EE Y K RS ARIEA T AT (R S5) L A5 R, A PR F R 3 A E AR
53 B 90.46% , T 2R HUN 4 A FE W B3N 100% ; B 240 i =820 3 A F o Rty
93.02% , 12 2 A~ F 4B B4 %K 86.73% ; C 41 i 2= Al T Z 42 HUAY 3 A 3 4 BT R 43 51
89.56%F11 92.48% ; D A H R Z=FI-T- 2242 HUAY 4 > F s BITHHIR531 R 93.25% F1 100% , LA LY SRS 3
Yt 85% , AR T 9 WK R bri T E R,

T A, ORZEd, 55 1 FRr (5 2 5imE N 38.99% ) B YIHI S/ Z TOC Si0, F1 EC, f8E K A&
SAIY FERE TR, 55 2 ERUF(27.57% ) B UIAHOC 2 TN, COD Al T-Hard , AR KA 95 A
ALY AR KV, 55 3 TR0 (5 23.89% ) AHIC I T-Alk A1 TP AR b S BRI K-, Bk,
A IR ZR, Si0, F1 TOC 252 M ] i K 5 A8 fb 1) 3 5, k& TN COD |\ T-Hard \ T-Alk #1 TP, @+ %
55 1 RS (T ZETTREN 37.23% ) FUIHERY & TOC Si0, \TP F1 COD  ARFAK AR &% ik AT #1479
K 555 2 FRAY (15 26.19% ) BETFEHZ TN il EC, ARE KK P & A FKF, 54 3 W05
22.81% ) AHF A T-Hard F1 T-Alk , Q37K o5 B B FIBRE KSF 5 5455 4 0 (5 13.76% ) FE L2 DO, AR
FKIE [ ¥RE S, R A HAETZEH TP Si0, [ TOC Fl COD &R M i K i 28 Ak i 3 S K1, HikJ2& TN T-
Hard #0 T-Alk,

A ZH IR B X TR AR AKX, A TN IR A B Rk AR AR, T, A IR AR
I HCEE, B AT RE S 12 X M R R AT G, B AT BE ST AS B i bR AL (LA NOS-N) A 6P, ToC R
FOKTRIE I &, WTRE S IZ A B R HE AR TR AR R T B e I B AR R Az B
Ye  T-Hard F1 T-Alk 22 B0 FEK 5 3282 A 90 I 4B, 45 A Ll XS] e Kk e
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Table 5 Principal component analysis result of 9 measured variables on VARIMAX rotated factors at different seasons in different spatial types

e A 2 Group A B 4 Group B
jm e W7 Wet season T2 Dry season W7 Wet season FZ Dry season

VF1 VF2 VI3 VF1 VF2  VF3 VF4 VF1 VF2  VF3 VF4 VF1 VF2  VF3  VF4
TP 0.322 0.176  0.914 0.904 0.417 -0.033 -0.091 0.423 0.850 -0.042 -0.988 0.137
TN 0.070 0.983 0.021 -0.071 -0.988 -0.133 -0.035 0.018 0.054 0.976 -0.248 -0.896
COD 0.178 0.729 0.488 0.868 0.108 0.462 0.143 -0.074 0.742 0.661 0.847 0.252
DO 0.684 -0.546 -0.359 0.074 0.157 0.102 0.980 0.955 0.032 0.239 0.688 0.507
EC 0.838 0.316 0.058 -0.242 0.950 -0.026 0.194 0.252 -0.944 -0.180 -0.040 0.982
T-Hard 0.628 0.650 0.214 -0.063 -0.081 -0.988 0.119 0.829 0.215 0.072 -0.922 0.021
T-Alk 0.279 -0.113 -0.947 0.134 0.005 0.892 0.431 -0.347 -0.888 -0.017 0.948  0.003
Si0, 0.903 0.325 0.008 0.911 -0.368 0.172 0.077 0.663 0.097 0.722 0.662 -0.671
TOC 0.955 -0.120 0.042 -0.928 0.354 0.089 -0.073 0.961 0.033 -0.140 0.003 0.911
Jj 2% Variance 351 248 215 335 236 205 1.24 333 3.01 2.03 442 339
T3 2 BURR AR
Percentage of 38.99 27.57 23.89 37.23 26.19 22.81 13.76 36.99 33.48 22.54 49.09 37.65
variances/ %
ifilifﬁj% 38.99 66.56 90.46 37.25 63.43 86.25 100.00 36.99 70.48 93.02 49.09 86.73
- C 4 Group C D ZH Group D
VXE e W7 Wet season T2 Dry season W7 Wet season T2 Dry season

VF1 VF2  VF3 VF1 VF2  VF3  VF4 VF1 VF2  VF3  VF4 VF1 VF2  VF3  VF4
TP -0.832 -0.222 0.406 -0.232 0.242 0.941 0.270 0.882 0.346 0.169 -0.229 -0.020 -0.023 0.973
TN 0.901 0.298 0.130 -0.919 -0.123 -0.242 0.924 -0.016 -0.163 0.048 -0.010 -0.970 0.242 0.004
COD 0.107 0.852 0.078 0.361 0.239 0.900 0.161 0.186 0.185 -0.814 -0.030 -0.123 -0.974 -0.189
DO 0.325 0.316 0.888 0.210 0.806 0.070 -0.110 0.450 0.175 0.819 0.906 -0.364 0.062 -0.205
EC 0.449 -0.814 0.171  0.837 0.276 00.219 -0.282 -0.866 0.113 0.397 0.735 0.644 0.161 -0.138
T-Hard 0.502 0.734 0.420 -0.104 -0.912 -0.255 0.143 -0.950 0.233 0.060 -0.013 -0.064 0.045 0.997
T-Alk -0.350 -0.786 -0.036  0.050 0.963 0.227 -0.304 -0.369 -0.752 0.310 0.817 0.302 -0.170 -0.460
Sio, 0.966 -0.106 0.132 -0.760 0.432 0.484 0.947 -0.086 -0.016 -0.256-.020 -0.083 0.990 -0.112
TOC -0.207 -0.112 0.939  0.915 0.229 -0.329 -0.363 0.129 0.897 0.210 -0.142 0.952 0.261 0.071
J72% Variance 3.17  2.80 2.08 320 286 2.27 266 209 191 1.73 258 251 212 1.79
Percentage of 3526 31.16 23.15 3558 31.72 25.18 29.56  23.22 21.24 19.23  28.62 27.93 2352 19.94
variances/ %
RBUTR 3526  66.41 89.56 35.58 67.30 92.48 29.557 52.774 74.016 93.25  28.622 56.548 80.064 100.00

Cumulative /%

VEF: FEr

XF B A, OIBZET, 55 1 B0 (5 Z5THE N 36.99% ) VI AL DO T-Hard F1 TOC , 10K 1A
T R R RDKE 55 2 R4 (15 33.48% ) FUIAH G2 T-Hard \EC | T-Alk TP il COD , fRFRIKA 1 1)
EET W BRI NLIKE 55 3 R (5 22.54% ) AR TN Fil Sio, ARF K P& B AREKE, M
Pk, B 4 AR T-Hard F1 TOC S5 MA¥A] i 7K Bt A8 fh Y 3 5 X, LU0 T-Alk (TP ,COD | TN A SiO, .
QT Zh, 55 1 ERSr (20N 49.09% ) B UIHHSE R J& TP .COD | T-Hard FI T-Alk , £ K M 5 85 |
AHLY WAL KO 55 2 R (4 37.65% ) FUIMISE Y & EC TN Fl TOC , R F KM 1 & 8 F LA
MK, W B A2, TP .COD Si0, Hl TOC &5 MK A8 b i 3 5 1, Hok & TN Fl TOC,

B 26 Ry 4 DX, S SR AR AR R VR A TS Y ROk AR M AR I DA SR 42 At
FRAYAETE V57K s T2 BURBE 32 25k F R 2R PR AR T5 15 7K, 12 2210 T v K & AE X620 1 7K AT A fig il
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PR R BUH A B S, TOC A1 COD ARFRMA LTS Y 2Rk A R AL A A 1 15 7K FLB H
i, ECACFIKHP B TR, SoK R B B R AR it A e

XF ¢, OIBE, 55 1 FM0 (F Z TR N 35.26% ) B A& Si0, TN Fil TP fR Kk ik &
i RBEKOT, 555 2 3055 (15 31.16% ) B VA C A /& COD \EC \ T-Alk A1 T-Hard , RIS ALY
BT B AR BEOKF, 555 3 ER (1 23.15% ) ML JE DO Al TOC, fR K H & A RA LK F . Bk
et C A IR EE ,Si0, (TN Fl TP J2 52 M el it /K ot A2 4k 1) 3 5 X, HO2 % COD \EC |, T-Alk il T-Hard,
Q@FZH, 5% 1 F5 (7 2 5TR0R R 35.58% ) B UIHI AT TN TOC \EC 1 Si0, , R F A &R AL
Y1 B RREAKCT 556 2 0 (5 31.72% ) B UIA K& DO\ T-Hard H1 T-Alk , AR KR 1 5 480 A2
BB K3 5568 3 0 (i 25.18% ) AHIEAYE TP A COD AR Rk & B FA MUK, C 41 T2, TN,
TOC Fil SiO, 25 M 7K i A8 A Y = F A, HK & T-Alk \T-Hard \TP A1 COD,

C 4% Y IX 8k, = MR 2R A 248 A5G 7K Bk AP EECRAR L, K 30 R ME AR It b A% 3 LA
R AL N R HE I T K5 B 2 A R BRORE E AK I SR iR L B & R XS B AOK I
KHEC 38T, 78T ZRZ XK B Az B AL B2, n] BB i K R AR T A R T BUK R i e S
FRERBENS X RAE S GFI8 (i FKIE R 5, KR Gt /K PR BNR A 5 AR BB 15, Zs i2E A7 w
SRR REAR . TR A W R R A AR M AR S M A AR R K S R B TR VD, 5 T e A O (AR A
F—8, TRZT KERNT B Sio, A% VIR, JE— 2 U0, sl #5 JK & K S5 m 2K i) — 4
ferE " TOC —J i 52 30K FEWER | 55 — O 1 J2 X PR i M 40 D' & 1 P A, o A LB 4 B ik koK
=,

XF D4, ORFT, 551 EM0 (TR N 29.56% ) A IE 1 F2: Si0, A1 TN 48 E AR & ik Fi
RUKF, 555 2 FMA (1 23.22%) BYIAHDCHY & T-Hard TP F1 EC, ARkt 09 A b B B FN s K7, 5
553 R (N 21.24%) MO Z TOC F1 T-Alk , ARFK P EH VALK, 55 4 28455 19.23%)
FHICHYZ DO Ml COD  ARFKMEE AU AIE KT, Sk U, D 4 g2, Si0, TN TP J& 5% M il Yt 7K 5T
A S R, HROR T-Hard | T-Alk \TOC #1 COD, @ T2, 55 1 Eio (7 Z5THkE R 28. 62% ) % V)
AR SE DO T-Alk Fl EC, ACF AR A & 48 U B Tk 555 2 M4 (4 27.93%) B UIAHE /2 TN
FTOC , RFAKAMA T 1 E BAA LYK 555 3 Eisr (5 23.52%) MR 2 COD, ARFEAK T & AP K
Ty 55 4 FR (1 19.94% ) M TP A T-Hard , A0 KR & B FAE K S R D 47 T &=, T-
Alk \T-Hard \TN Fl1 TOC J2& 5 0ay] Jii K o A8 A ) 3252 K, Hkog& COD A1 TP,

D 2T AE X IRZE AR T Al Bt -+ Hi sz 0™ 5 0 TR, 2B 3 AR A3 b A B A P e AR
M, ZAH R B ER AR BRIV K ARG B A G AR T AR At A 7 s A T K B AT
Wi, EC EZE M FAMEAE T TS KA A 7= 16 Sh A5 A KT 1 B8 iR BE RS T8, coD #1 TOC AR FMA
HLYE G B AT = AR AR TR TS 7K AW AR AT TR K S . S 41, TOC 38 AT RE I I8 b5 B X A 2 A =
PR B WL K T 2] T e g

ZE L TiR R IR 23 [R5 _E AN R 27 (T K B 28 20 SRR AE B SE PR 7 R B DU 4 Rl B 3R ER
(TN F1TP) \—fB rl PR (T-Hard | T-Alk \EC 1 Si0,) S50 (DO) MAHLY (TOC A1 COD) , Horp &
ERLAK LA T-Hard | T-Alk SRR M) — e n] i dE 5 22 s il i K B AR fb i) 2 S 7, A B E SRk A AR
(M FRARTE K LA AR AR A 5 B R 45 ) AN R (RO AR T A 16 V5 ACHE I 56 ) PR 2 A R A A
VIG5 Ye, — s EEER 289 T-Hard | T-Alk \[EC 1 SiO, ( /TR TERE ) , RFKP B FKF, T EX A KS
HF S KRG T-Hard F1 T-Alk 3% 38 {5 , T-Hard (9784635 BBl K 1.59—2.36mmol/L, T-Alk #7258 £k 75
H 144.15—196.76mg/ L, ¥l i EC FAETRNA KA s g 46 1) % 1, 2RI 5 KK 1 T-Hard F1 T-Alk AH
% AE NG HBINEN D .C B 4, 38324V 3% 3h A AL 35 15 K HECEE AR IR R B2, 40 4 R T K e T
KA Si0, FE G IE KL R A A O, A2 B R v # R TS K HEE AT shigm Y, DO {5 T
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WA B ¢, DO ARETE Ik 8.6—10.9 mg/L, A B ALRA , UL HAT 581 [ 1568 J1 . TOC #1 COD 48
FOK A MK, TOC 2 ZEF T B 42 0 4 4= Gk v ) 600 P9 3058 B0 Y] 378 7K A AR 900 1900 A A i 388 o 9
MLk, COD 3k AA LA TG EK A ARF LS Tk E K,
3 LR EmHRRE

AR SCE FH 2 08 ST T il ST K B 28 4 FERE

(1) ARYE ) 280 25 S 28 [ RAE AT A0 A B LC T D &, e BEZ DX 7K ST HERE SR AR I 18] 3
TR,

(2) a2 (B0 ) 53 B A0 2 MR B0 A5 Yy ST TR K A8 A TP, Si0, \EC ,COD  T-Hard 1 T-Alk H
B oS8 R 25 L Sl ALK 2y 254041, TN .COD . DO . Si0, Fil TOC 5 Z& 5 7775 1. 35 0 AH 6, B A 7K i
FEPREANIA] 25 ) 260 L B0 2 ) B 5 A1k

(3) MA[EZS 200 F R TR #- T ERsr i Z W O A 4,810, TP TOC F1 COD J& 5| /K it
AR E ST FEOR [ AR E AR, a0 R A R R DL XA EF, @ B 4LH, TP\ T-
Hard ,COD \T-Alk \TOC FI TN J& 5| #/K BT 1) = S R % 41BR 1 32 AR R B2, ik 32 N R R 52 m,
WM AT AR IRE A5 K HE . @ € 4, TN TP ,Si0, . TOC #l EC &5 EK B2k i £ S 1 7, 358
AN AR M FRA U LA KR 2R A R A T35 15 /KA G 3k S35 /K 5 A i UL A K e | Bk 8L B A I
ffRME B SRR O B HE MK EC 38, JK PR BB T A R AT R S BUK IR s e s R R . @
D 41 TN TP SiO, \T-Alk \T-Hard Fl TOC J&5ZMa7K BT84k ) 3= T 1, F2OR AR AR 15K AR 3l ™
Az 1 b AR Tt DA B 3 B0 AR s K B AT . AT S SR mT LUAR ol SRR K B A2 [ SR K
R W sgma g &8 TR0, S5 6 R F , PR R, 2 A TR A SZ I s L

PR S FE A R RUEE 1 ARESr. 1 224 o W s, , 7 s T) RUBE B o by Rl K 2B 47 1 A 3 — A 7 i
XK AR BRI AT 2 0 G AT, WA IR Ty Al K T A 25 4 SRR BIF 5 4 SR 3 R Yl 3 e B 2 vk
RIS S AR, (ER AR SR BRAE X iy F T 4R P s 42 43 SRR AE SR A PRI . /K2 2 0 T Y SR 1A
FHAU R R R A5 1T A T AN s 25 A8 Ak b B 2 e MRS 2 7 , 2R BB IR B AR A 2—3a LA 1 K i
WEDWESHE | A TR B[R] 3 437, W) T R AR 42 7K BT 1 s 25 AR AR RRAIE | oK B U A 45 B SR 5 SR AL T R )
SERTREMEEIE . DI, X 0 B Xy T Yl 3 A S A T S () e 8] 403 B A 5T R A hae B
Bt . b BBl R Bk A A Mo I 4= RS 1 | L o R 2 (R ) 2 gl R IR Wk iR T = R A
FEAE 8 E A AESICRAE b E B (D0 B HE LR BB AR RIS,
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