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Structure of macroinvertebrate communities and bioassessment of water quality in the
Weihe River mainstream and its typical tributaries from the northern Qinling Mountains *

YANG Haigiang, PAN Baozhu™ , ZHU Penghui, JIANG Wanxiang, JIANG Xiaoming & HOU Yiming
(State Key Laboratory of Ecological Water Conservancy in the Northwest Arid Area, Xi’an University of Technology, Xi'an
710048, P.R.China)

Abstract: For exploring the macroinvertebrate community characteristics of the Weihe River mainstream and its typical tributaries
originating from the northern Qinling Mountains, investigation of water environment and macroinvertebrates was conducted in 40
sampling sites in October 2017 and May 2018. Furthermore, Margalef richness and biological index ( BI) biological indices were
used to assess the water quality of studied rivers. Altogether 210 macroinvertebrates species were identified, belonging to 187 gene-
ra, 75 families, 8 classes and 5 phyla. Aquatic insects were the dominant group, accounting for 89.0% of the total species number,
and the Baetis sp. was the dominant species in all studied rivers. The tributary Shitou River, had the highest values of total density
(616.3 ind./m?) , and the highest total biomass (5.265 g/m?). Whereas the total density (125.6 ind./m?) and total biomass
(0.289 g/m*) of macroinvertebrates were both lowest in the Weihe River mainstream. The Shannon-Wiener diversity index ( H')
and Margalef richness index (R) of five typical tributaries were characterized by good water quality and significantly higher than
those of the Weihe River mainstream, whereas the Pielou evenness index (/) showed insignificant difference between mainstream
and tributaries. Pearson correlation analysis and the multiple linear regression analysis showed that “Silt plus clay” type substrate,
conductivity, pH and nitrate nitrogen were the primary environment factors effecting the macroinvertebrate community
characteristics in studied rivers. According to the water quality evaluation results of the richness index and the BI method, 73.3%
and 80.0% of the mainstream sites were identified as moderately to heavily polluted, but 80.0% and 68.0% of tributary sites were
identified as non-polluted to slightly polluted. This study can provide basic data supports for ecological management and protection

in the Weihe River Basin.
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Fig.1 Distribution of sampling sites in the Weihe River mainstream and its tributaries
from the northern Qinling Mountains

WEEN IR AT 50 mL AORE S, FE AR E Ty 75% (TR kS 18 2. B RE S s (0] 52 86 58 5 1K 1R [ N 41 4 25
S YORME RN B GBS T AT AP 2 5 5 222 T BRI R T A 58 B RS AT B , Ak 0 R
Hh 5 i 0 S N AR
1.3 IMEEFNE

FEXS TR PRI £ 0 B0 DR 7 R 47 0 2 B, >R F WA A HQ40D A 45 5 22 S 80003 SO0 i 3 38 i i
KR pH SR RS EE AN AE ; BlEER FH MG A5 2100Q 595 23l BE A T 30300 5 5 7K R IR R
WKL R A Global Water FP211 F {32 UAX SR A7 B £ , I 2t BP0 YAt 1S A B B8 7K TR 24 1/3 K
TRAR KA R | SEEE TE X6 KR ITUAL A 7 i A 50 . SRR A R R ZBUKBEIR A 417 Il SE 50 2 4007, 8
A (TN) G5 (TP) (A (NH,-N) b2 (NO5-N) W AH R 45 20 (NOS-N) 4578 7 £h AR i K R K W i
GIFT TR (BB =R IAE ™ AE45 RAE S IBUKEE 1 L, ZEAIGIR O~ 4°C BOGAMRAE, I 1 mLL HeJEE Sy 1% Bk i %
B LA BT 1k TR T R A R , K IRI 22 3 o YR SR AR B B T s L R R
KoK AE R . IR (Silt plus clay, <0.05 mm) ¥ (Sand, 0.05~2 mm) k47 ( Gravel, 2~16 mm) /NGR4T
(Pebble, 16~64 mm) Bif5 ( Cobble, 64~256 mm) FIJ A ( Boulder, >256 mm) ™",
1.4 KBREHIFH

FIFH Margalef £ 5 4650 (R) FIZE W5 50 BI BEAT /K B AE DT

" ont;
BI = Z w (D

At n RREAR T | RSB R REAS T | AT TS (5 V R REA SRR

%% Karr %7 (i P K T AL WA 18 B0 5 /M B A6 7 12 T3 BT SSBOK BTN 40 obmote. Bk
BERE T 1y « R FH AT RE 45 6 BT 3 5 A5UB A HT L LA 5% 43 B80T E B4 (8 1 b ol , /1N 322 £ 46 7% 7K o e
HIH L) RFIZEE 5 KAEEUE DUy, - E NN B RAR R S R (D) Ris e () (s g
(V) FIFEVS Y (V). R KRR S T i (8 2% SCik[ 33-36].
1.5 iEHH

% F] Shannon-Wiener ZHEPEFE R (H') " Margalef -5 BEHES(R) ™ F1 Pielou ¥4 BEFE K () 7 4
TR S 1 22 B 5 FH Berger-Parker (R4S 850 (V) FIE L HE .

H =- ;P[lnPl (2)



1796 J. Lake Sci.(#38#2) ,2020,32(6)

R=(S-1)/InN (3)
J = H'/log,S (4)
Y="P-f (5)

KA, S WA R EIFEG N R BB P =n /N n 55 0 FASREL, PO © Pl SVECR Y LU 5 f
Sz B R s8OS SUE SN . Y = 0.02 B, RN R A AR F A

X5 T T U AN ZR U I o 8 Sk TP Y R AR A 2l 0 SR A S - 4 A B, A 2 B 114 - S8 0 S g
WEREH Y — R AR MOl X IR IEZS A3 A EidE , B PR 3R 05 22 23T ( One-way ANOVA) LWEFMEZH A=
W ZREPEHE R IR B AN TR Rh X S 04 25 B AR Wy i e AN TR I 3 i) YT T 5 4% 3200) 28 k.
2 [a] 2 5 0 3, W AT LSD ¥ ( J7 2255 1) #1 Games-Howell ¥ ( J7 Z2R5F) T2 L. XTAIRM IEZS 340 B
B R Kruskal-Wallis Test(H) AT ARS8 5efa , R Pearson AL 43 Hr fI 2 SR PEZ AL 0] 1F 43
HT (Multiple linear regression analysis) ¥RZE IS99 BEVE FAAE 5 3R BE R T G &R, DL B4R BT ¥ 7E IBMSPSS
25.0 Ffprh bty 22 IR A OriginPro 9.1.

2 R

2.1 JKINEHFE

AR AT S MR B K 1 19 150, JA AT S5 SR A0SR 1. XFAR 1] 3 18] BR IS R 1~ 1) 22 S vk 2 Hr 6 B, K IR L ik
BE R pH R BV AR IR EL AL TR VDRI B A G BT A5 R BE S HC0E T R T I A 2 0 b TR 52
TR B 2 22 5 (P<0.01) | T AB R 5T S 8006 IR 2 TRl It [R] ) 22 558 .3 (P>0.05) .

2 1R T el 8] A 3 o PR S

Tab.1 Water environment parameters in studied rivers of the Weihe River Basin

KIS 0] A3 Eoh) T eyt B i p
KR/ C 14.5+2.4" 13.2+1.3 13.1£4.1" 18.5+3.8° 16.9+1.3% 14909  0.010
KB/ em 18.9£5.1 18.4+2.2¢ 19.8+3.3 18.244.6° 16.6 +4.0* 19.2£24* 0871
Fid/ (m/s) 0.5£0.3" 0.8+0.2" 0.7+0.4* 0.6+0.2 0.6+0.5* 0.8£0.3*  0.429
EE/NTU 659.2+394.0* 6.8+1.6 3.0+4.2" 14.0+13.3 15.0£11.5" 7.4+3.4" 0
5%/ (uS/cm) 667.8+117.1*  205.8+101.7°  154.4£79.5>  293.4x73.6>  499.4%2533* 341.0:117.1> 0
YRR/ (mg/L) 9.0£1.1 9.3+0.5 9.7£0.5* 9.5£0.3" 9.4+0.6" 8.7+05°  0.350
pH 8.3+0.3" 8.3+0.1° 8.5+0.3* 8.5+0.2° 8.0+0.1° 7.6+0.2 0
S/ (mg/L) 0.051£0.0141>  0.037£0.005*  0.015£0.005°  0.041£0.004™  0.091+0.077°  0.016+0.003° 0.001
A/ (mg/L) 6.508+0.622*  3.351+1.026"  2.425+1.208"  4.586=1.065" 4.916+0.925® 3.520£0.293> 0
AR/ (mg/L) 1.664+0.331*  1.273£0.128"  1.0640.545*  0.897+0.271>  0.800£0.352>  0.701£0.152° 0

iR ih %/ (mg/L) 4.473£0.790°  1.756£0.945¢  0.977:0.605¢  3.060£0.748"  3.069+0.563"  2.056+0.189° 0
WAERRER A/ (mg/L)  0.110£0.064*  0.134+0.028"  0.088+0.051°  0.211+0.093*  0.373+0.489*  0.147£0.034* 0.110
42 o/ (mg/L) 0.026+0.026*  0.008+0.005*  0.007+0.010*  0.012£0.006*  0.016£0.024*  0.003£0.002* 0.145

TR/ % 31.4+26.2° 0.8+1.8" 0.4+0.9" 1.0£2.2° 2524327 18.4+41.1  0.007
/% 31.2£20.3 11.4+20.6" 6.4+6.2" 7.2+5.4" 27.0+30.0* 3322 0.019
WA/ % 4.6+6.2° 42+6.9° 1.6£3.0° 0.420.5° 0.8+1.1 1.5£22°  0.488
/NG % 14.2+15.7° 16.6+9.6° 18.9+17.9° 19.2+8.5° 6.4+6.3 18.8+8.4°  0.396
B/ % 18.1+22.0 62.4+25.7 66.0+21.8% 54.6+20.3 39.2+43.5° 54.4+31.4°  0.006
KE/% 0.8+3.2° 9.6+11.5" 7.0£9.6° 17.6+30.3° 1.4+3.1° 3.6£5.1*  0.160

# [7] =47 _ERRARING FHRRTT AR B3 2257 (P<0.05) .
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RS EEAR R AT R W (3 2) |, DU & — ft ( Baetis sp.) 75 6 A% I 327 g 268 X 35 b, 8 T 7K 22 15
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Tab.2 The dominant species of macroinvertebrates in studied rivers of the Weihe River Basin
W PR (I (ind./m?) AR (g/m?) A3
TR DUTTIRJE —FR (46.1,0.040,0.241) BTk 221 (35.8,0.033,0.199) MK £ 2 H21(6.3,0.002,0.032)
Sofrk)m—h(7.9,0.023,0.023) | F5 57 A R IEA(5.3,0.002,0.021)
AT PR —Fh(226.9,0.319,0.359) | HIUEJE —01(58.9,0.513,0.068 ) (4 i 49 —Fih (68.1,0.681,0.065)

F 47 MR — i (4.7,0.461,0.042) | 00 sUm —Fh (31.2,0.115,0.022)

Eebr) I 45 07 J& —F (50.2,0.102,0.171) S4UFJE—F (34.7,0.410,0.051) 5z )E —Fh (12.3,0.078,0.028)

RG] DY 78 —Fh (67.7,0.077,0.220) T4 E 28421 (37.2,0.010,0.081) | FE T 7K 2217 (40.0,0.014,0.078)
A S0 (21.2,0.006,0.033)

AYER PUATER)E —F (60.4,0.149,0.302) FEHTK 2215 (13.7,0.007,0.027) JLLHEZE L R HEI(13.5,0.007,0.026)
I J& — 1 (5.3,0.007,0.021)

W PO RS — P (163.1,0.442,0.435) FEIHIEE—Fl(58.1,0.141,0.141)

2.3 EWlIMZEMENE

TR 0 1 2 U b 7R R S v DR RIS S ) & R SRR B LR A A ek 3 R, A
J2 B0, JES G Bl 4y 5 B R L SR AR B 5 B R B R A S T R v T AT T R AR A A 6 SRR AT R R Fh 2 2
BRI T i HAA BT RS MEFI A EPT 28 (B bplis B P8 B, T B B ) B 4o e 5 g e e, 25
FIAE i (5 L LS BOAT B 7, 43 3% 78.3% 1 92. 1% . Xof Y4125 VAT YA S RIVA] o 1) 45 P 2 2 e 22 Bt T
R BEBHN A Y N A A ) T R A ) G 2 22 5 (P > 0.05) A, HophFR BN %
A YA AT R Y B R 2R (P < 0.05).
2.4 EMSHMN

TEEW T3 H R F J B4R 50 1.16 1,69 FI 0.77, 78 Fl 43 BI7E 0.27 ~2.07 ,0.47~3.16 1 0.51 ~
0.97 Z 8. 7ELIEFZ ISR IA LA B R 1 J ¥{E 5510 1.86.3.28 F1 0.74, Ju Bl 435I 7E 0.93~2.85,
1.42~6.73 F1 0.53~0.90 Z ). e MR b, JAAE Wi H' R R AR (LR B w8 B 0 — B (&1 2) , B
B J 925 AR AT )RS 2540 (P > 0.05)  H'RI R )25 Rt 8.2 (P < 0.001) . fE B, A
ST BTG HORD R FEEUE B B R T AR, B 5 AR I AU SR B B R R AR Y T
T
2.5 K REYFETEMN
2.5.1 ££F Margalel F & JZ 38 B8 K FUIFN B Margalel £ 5 BEREHOK BT S5 9000 40 bl (3R 4) #4710 K B
PN R (18 3) , 7E38 ] 1 A 28 04 b B LA S0 40 R L il il ( 1) E (D) JRis g
(ID) FepiEge (V) ARE AR 208 9 A4S 12 43 AVH116 A K FTIEM IS Y (V) MEE S ECH 0
A TR A R L, T T T3k B 22 , AR R G Ab T2 75 % (D) K BA B ke ALY 27.0%
R VTV I H 9 ST ST T A SR K BT, K B A A T (T ) B LA AR 2 80% .
2.5.2 ET RS BI 35 30 K FUFH ARIE KB Yo 8 BUE S S e Ak i TS L BT $5 805
MBS 245 B KA 8.22,5% Bk 2.47 , B i1 K BEPEA 43 Gbm e Rl 43K T 54, 15 1 BI F8 5 /K B
MrbriE(F£4).

i B FEEUE AT K BUPP 45 R W ([ 3) , 2B T R 0 db SR S it i) 40 AR S 7K B
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Tab.3 Density and biomass of each taxonomic groups of macroinvertebrates and its ratios

in studied rivers of the Weihe River Basin

iiiEILY] TR A3k ] i Vapral) v )
HEH iodica 36.6+6.7 8.3+4.7 13.9+6.9 40.5+15.2 22.9+15.3 34.3+13.8
(29.1%)® (1.3%)°" (5.5%)° (13.5%)° (14.4%)* (11.1%)*
MR 0.033£0.022  0.004x0.002  0.006£0.003 0.015+0.006 0.009+0.006 0.010+0.008
(11.4%)* (0.1%)* (0.3%)° (1.5%)° (2.4%)* (0.9%)*
i H 2R BERE 0.3+0.1 0.3+0.2 0.10.1 0.10.1 0.3+0.2 0.8+0.5
(0.2%)* (0.0%)*° (0.0%)* (0.0%)° (0.2%)*° (0.3%)*
M 0.011£0.005 0.025:0.016 0.001£0.001  0.399+0.399  0.028+0.193  0.043+0.029
(3.8% )" (0.5% )" (0.0%)* (39.4%)* (7.4% )" (3.8%)°
EPT 2% i 59.1£10.1  402.7+108.9  144.7+23.0  114.8219.2  70.9+14.6  240.9+44.7
(47.1%)" (65.4%)° (56.7%)° (38.3%)° (44.5%)° (78.3%)°
MR 0.148+0.058  3.630£0.695 1.343x0.308 0.463+0.147 0.187+0.061 1.046+0.298
(51.3%)" (68.9%)* (63.3%)® (45.7%)°" (49.8% )" (92.1%)"
HoAb R B4R i 23.0£3.4 60.6+11.8 46.3£10.4  126.4%27.0  64.7+22.0 28.9+5.6
(18.3%)" (9.8%)° (18.2%)° (42.2%)° (40.7%)* (9.4%)*
MR 0.027£0.006  0.383x0.140  0.328+0.133  0.079£0.016 0.149+0.076 0.017+0.003
(9.3% )" (7.3% )" (15.4%)° (7.8% )" (39.6% )" (1.5%)"°
Hof iy 6.6+£3.2 144.4£31.6  50.0+18.8 17.9+7.6 0.3+0.1 2.9+1.3
(5.3%)" (23.5%)* (19.6% )™ (6.0%)" (0.2%)" (0.9% )"
MR 0.070£0.325  1.22320.362  0.446x0.172  0.057+0.029  0.003+0.002  0.020+0.015
(24.2% )" (23.2%)* (21.0% ) (5.6%)" (0.8% )" (1.7%)"
it B 125.6£17.2  616.3+138.8  255.0£38.0  299.9+41.4  159.1%37.7  307.8+54.5
(100% )" (100% ) (100% )" (100% ) ® (100% )* (100%)*
MR 0.28920.071  5.265+0.100 2.124+0.473  1.01320.464 0.376+0.097 1.136+0.284
(100% )°© (100% ) ® (100% )* (100% )" (100% )" (100% )"

# [6] =47 _ERR ARG PR B35 25 5 (P<0.05) .
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Fig.2 Macroinvertebrate diversity indices of each site in studied rivers
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Tab.4 Biological evaluation index and graded standards of water quality

AR (1) kI BERD RN EER(V)
Margalef £ & JEF5 4L >3.50 2.50~3.50 2.00~2.50 1.00~2.00 0~1.00
BI 8%k <2.47 2.47~3.91 3.91~5.35 5.35~6.78 >6.78

7 D _' """"""""""""""""""""""
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g 5. - M (1)
N
L
3 i)
g S T R

H{GYL(IV)
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- HI5R(V)
6.78 A== m s WAoo
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Fig.3 Results of water quality evaluation by Margalef index and BI method

2.6 BN SR EE FHIE XS

RBY AT S0 B RE P R AIE A5 BRI IR 5 B9 Pearson AHSCHE M (3R 5) 3 WA, KL B2 it | HL 536 7
i 5 pH R R R IR ER S AR R o SRR EREE T LRSI B A RIR A S S5 A 1 X TR A 3l 0 £
FERERFIE R AT 0 (P < 0.05) , HABFRE PR 1 X0 I s HEVE FHIE S A 2% (P > 0.05).

1835 22 0 A 1l 3 A 7 H T R SRR W S AR RS RO BT 5 RO A X B
MR PR SH, AE ST e 2 T R AR dhr 2 6 MR, SRS Sl 1 8 1) 1m0 U0 5 R A TR D8 1 AN TR Ak 5
JEEAT Sy 4 A Wy A ]V 5 R A P o LA PR A 5 IR S ) A R 2 pHL il B R 3 4 4> P 1
AL WIS YT R A RHIRER A pH VA KA 3L 4 AN AR s IR S I T A W 1 A7 A ; BI 4
BAER R o JRIFERIL 3 DT AL T RES—A> B AR B PR B i 405 i (51, SRR L
AR RHIRER R U AR R a 1X SRR 10 R S R FHIE AR AR B2 Y. & F AR, T7 220
F (B .2 KF- P<0.05, B a5 . 2%
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Tab.5 Correlation coefficient(r) and probability (P) studied level between macroinvertebrate

community characteristics and environment factors in studied rivers of the Weihe River Basin

w Y H' R J BI
Wi T
r P r 14 r 4 r I3 r P r P
KT -0.110 0.499 -0.049 0.762 -0.024 0.885 -0.033 0.840 0.223 0.166 -0.114 0.483
KR -0.035 0.932 -0.026 0.161 -0.295 0.064 -0.378* 0.016 -0.100 0.538 0.301  0.059
U -0.343* 0.030 -0.309 0.052 -0.542" 0 -0.503**0.001 0.146 0.370 -0.424 " 0.006
I 0.245 0.127 0.300 0.060 0.302 0.058 0.358 0.023 -0.321" 0.043 0.431 ™ 0.006
GER S -0.313* 0.049 -0.413*0.008 -0.681"* O -0.718* 0 0.038  0.817 0.591™ 0
DO 0.058 0.723 0.071  0.663 0.330* 0.038 0.306 0.054 -0.254 0.114 -0.044 0.789
pH -0.023 0.886 0.076  0.640 0.484 " 0.002 0.450 ** 0.004  0.285 0.075 -0.127 0.435
TP -0.118 0.467 -0.183 0.258 -0.206 0.203 -0.250 0.120 0.103 0.526 0.278 0.082
TN -0.169 0.297 -0.349* 0.027 -0.643" O -0.709* 0 -0.050 0.761 0.609* 0
AA -0.095 0.558 -0.110 0.498 -0.309 0.052 -0.388* 0.013 0.110 0.498 0.360 * 0.022
ﬁﬁﬁ&ﬂ;ﬁ -0.168 0.300 -0.325" 0.041 =-0.709" O -0.738" 0 -0.054 0.741 0.675™ 0
WAGERER & -0.090 0.582 -0.092 0.571 -0.142 0.383 -0.158 0.331 0.055 0.736 0.122  0.455
Uf,j%? a -0.280 0.080 -0.270 0.092 -0.532" O -0.438**0.005 0.088 0.589 0.721* 0
e -0.561"* 0 -0.372* 0.018 -0.507 ** 0.001 -0.463 0.003 0.167 0.303 0.617* 0
w -0.365* 0.020 -0.360* 0.023 -0.522"0.001 -0.485*0.002 0.303 0.057 0.460 ** 0.003
el 0.100 0.541 -0.034 0.836 -0.116 0.475 -0.182 0.262 -0.199 0.219 0.031 0.848
NG 0.281 0.079 0.075 0.644 0.061 0.709 -0.081 0.621 -0.284 0.075 -0.266 0.097
|iba 0.305 0.056 0.338* 0.033 0.635 0 0.642 0 -0.160 0.325 -0.653" 0
KA 0.300 0.060 0.354 " 0.025 0.317 " 0.046 0.315% 0.048 -0.091 0.575 -0.163 0.315

* RN WEMI, P<O.0S BRI 5 +x FoRHL I FHIN, P<0.01 (RURHKE) .
% 6 RS R AR BTN 1) 42 [l VA 3 A

Tab.6 Multiple linear regression analysis between macroinvertebrate community characteristics

and environment factors in studied rivers

ISR A7 1 ( RERELL) JH# T R F P
R % =-0.372x1R k% 0.116 6.112 0.018
Y MR = —0.413xHL R 0.149 7.810 0.008
H H'=-0.381 X £h 2 +0.597xpH-0.393x 1 i +0. 199X 371 i 0.813 43.357 <0.001
R=-0.563x{i§x £k %(+0.545xpH~0.299x Z{ 4 +0. 180X K A5 % 0.814 43.665 <0.001
J J==0.321 % 3 0.079 4.367 0.043
BI BI=0.548x M4 % a+0.349x 8% +0.237x A 0.670 27.373 <0.001

3 itit

1 BT R Ze il 4t 78 22 BY 377 oK B iR A 3h 400 B % S5 M AR AIE

T e i KRR B4 210 F, 7K A B i 89.0% L3 S BRAAE 4" T+ 2013 4R 7EIF ] 4 3t
45 NS BT AL RARL OKAE R IR 7 78.4% ) (HARWT S i 4 RO R BCE i T LR AE B 116 B, Xl g
A T ZIE7K & A S Y ZREE . DFFT R I, A T P AN [R) I [ (4 O 3l B 5 R ) 2 5 1, T
L AT S BOLHAFR, BT 3 FhOLSR T A SRR 4 RO SR, B BRI S R A A A 2
Fift, DU U — b ( Baetis sp.) YRR EFHAFE I BUAE 6 Z8m P, 5 A0 U T Z2 U LR ML R0 SO0 A M A 8 (7 2
86 ) 2L TIH AL A 69 Bl , 4= 55 BEAE KO Z2 Mk fE Bt B s T TR, X e 1 Z8 0% L DX SO A9 R
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BRI E R B T, LRSI BT B 4 TE 0TI, 5 B8 R0 A= ) a2 A i JEC AV s ) A 1 1)
TGRS I T SR AT Sh R AR 125.6 ind./m® 1 0.289 ¢/m? T S UL IR AT 3 490 A E
HEWHEALTF 159.1~616.3 ind./m”F1 0.376~5.265 g/m’ Z [A], 3 H EPT 257K A= B I 1 il T 32 05 25 B Fn A=
i EAT 3 2 R RS TR U B 2 0 A 7 ML TR S AT Sl W A A LA AR R X, ik R IH A
T30 AR e SN ZEIE 33 5 G AN Al

32 BATHEERILBHESTRARERENYERERFHXR

KT R W, I TSR M R T8RS 2 ) 95 43 A 1) S IR B R, TR Ay 445 oK 22 S50V A 3 ) 4 T 24k
B IR B s LR A3 R A 3% o 2L RS AT S R, DRI I 3 MR AR TR T S IS sh A i B
FER R Z MK (P<0.05) | 1T B A FI R A4 55 KA B IS RN G 2 49 (4 R it B 2 R KO 2 BB Y
IEAHIGIE R (P<0.01) . LEATFFEH  TBAT T A S A RS B 0 22 LR A Sy 3, 35 0 20 194 96 I LA B 17
W/NAE B 45 ELEERRAR EPT 28I sl i BRAE &t TSR bE s WA B2 B R A, (A s S ok s, Ry
RIS AL T 0 2 (0 A A7 23 100 LA Sl £ el R B 7 0 i S0 B T 06 3 400 316 A0 A1 S B 5
P4 2R LA R 1 2R B = 8 B KT T v 1 DR B8RSV 30 40 A2 K A5 e T3 (v i 7 B A8 SURR , K
TR RIS £ S ELRETR I 2 A . — BT R, KA P R SRS 3 0 1 B S R ik
T B ) R 175 S5 25 DA T 582 0 S 25 90 2 R 0 A 00 104 A G, e S LA L 2 B I sl AR RSt
B, IS AR S B0 iU S B 3 ) A DG OG R, B KO 1) 28 0 6 S SR RS sh 1 2
PR & S HOYZ S TR T 0. pH 2 5 s AR 25 52 ISR h ) 1) A 47, Z 80K RS WE T B Hish ) =
AT W AR B R K MR F TR P A VA LA AN 7 ST S 2 U 5 A SR SE 0 pHL 22 Sk
AR (pH 7.6~8.5) , KM B FG 8 , 50 BHVE Tl T 4l 1A 1 R B — 2 S B PR 38 5 SIS B i A= A 1.

RIS R, pH 5 H'F R F8 80 LA 1 B35 A IE A5G 5E 21, hd A /K MR 1) TR Bk et 4 455 IS R sh
BT S5 R I Feue M LA S S KR v A ) 45 7 B B PR v e T K AR L S R IR, T AR 2 1Y
TS AT K A A D R0 7 o SR A S (3, R 0 o TG 3 00 0 o A 7 B 9 2 M R R s ™
TR 251 28 T SR AT S (R RS rp e R R R S S SR 1 SRR Sh A 1 25 )40, AR SCIO BT 45 SR iF
FT XL BRILZ AN, A SR A R A 522 5 Bl H 20 0 3% 0 IEAH I C R, Ua ARG 3h 9 % i 5
RIS S T AR , AT K AR T TS T B2 PR A i 1 22 3k 5 X P S X VR AT i SRS G B0 ) 1 T 9 4 R —
B, HLS AR T B R T O S SR R A B B R

AHFFE VAL 1) 40 AR AT/ T I 1) 25 SRR B VBT3B 5 25 ST kIR N P 8 K& e, A
S TP ) B SRR S YA R T, BT A S Y R e SR DU R A AR R S e KA G R
A T B 51 1 A 00y FR 7 o A T P — TP TS i AR T o DA o 9 A T A D R A g 4 0 ) o
VB, B K 22 05 RN S0 gl VR R D3RR BN AE T NP e B e AT T 1 3 I T A ST rp . A E
2 AT TR U R B K B A R T T L A TR S AT T A A A X R AT
E X T 3 A Sh ) V& S5 R RRAE P2 T 3R M RZ . ISR 45 Rt B , N P &8 FR 3K F 5 R A 30
W 2 RE PR B SO OGO R | R ER UV B J2 52 A JRC AT 20 ) 25 A6 1k 48 B0 = 5 BEFR B 26 % 52 XL+,
Vb B IR ] K AR SR R 15 Y R BT IR S A= W) 2 R 1 R AIK.

NP S8 SRR KO W AR TE— @ FR LA S s i i A T S 28 o TR BE AR A 5 ok i 2 1 I
YR ETESRZ —, SRS R YIAHSE. KR OE BRI LU W s R A 78 2 i R IR
PR E LA R VB, S R P 2 B AR o s T eSS R Bk — A S, & A = A A S I, &
HUH AN S Y U (4 SRR R B R M T R, AR R o SRS i M R SR
SRR E R TR (P<0.01) . (HAKISE K B, AT 0T 350 00 5 ik S0 45 v (- 349E 9.2 mg/L) , HL4%
F o WP VRS BE Z M W AE G PE (r=0.077,P=0.637) 5 H 55 1 GRS U RN R a0k B2 12 Wb
FIEMR(P<0.05) , 5K i 2 2 A E (P<0.05) . Ui 5K o B 1Y ZR LI AJR G U 3h
ZAEME AR BRI . LR, — TR X T B RN B A L R AR EPT 2 W Fh e B
T P REARS K R A B4 0 26 BH S8 T B, 55— TR 2 R A 5 9 /K T ) 384 v DA B r S 38 17 1 s IS
WS HE AR Z AR B REAIG. DRAh , A SCRFFT 45 30 2 B, 1812 Tl 35 v JEC W6 20 400 1) FE 9 RRAE 5 KR K IR L T
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T SR AR AT A 7 B WL AR OGO 2R ik R 2 P I 4 R BR3P 7 SR A ) 1) A A B2 22 Sk
AR B
3.3 BTt R F IS B #1 B R K BT & it

K JSTA T 2 5 3 3 X KR e AR A g 0 9 A R A A A 0 I L A R T K AR £ A 2
YA SO IR AT 814 Margalef =F 5 45 S0RI BT H8 550G T30 K 28 06 L OB 5200 10 7K (AR SEEAT DR AR
PSR R T T UK B A R — P S YOIRAS | 5 AR UG JU S ML L SO S A BT T Ye— e s
ARZS. KPP R WA AN SO 22 5 1. (ETR TR ALY 40 ASSRAE R L I ROK BT 45 Rt i ], A
27.5% HIRHFE L 2 BlK TP 25 R — 0, A 92.5% BRAE RUK P AF 22 5 A B P2, B AR 22 53 Mar-
galef =5 AR BOL R BOOPI ARG T BT A8 80L. WIE I T3-S SRR , 2 ROk Bk or 45 R 24 R
ZRUG L RE MR ST T B A TR . v AR RGR BRSO 45 R R s, A ST i T SR A
RK B A9 22 3 i (10) S 2L E 0 BI A= )48 B0k A0 078 2 28303 i /K BT 22 9 e (T K2 A
A 2 PSR 2 5 A B N 2 M OK T T5 8 PR T SR B[R] 0 2 A R i R
IR BT 7 15 2 388 e IF SR 7 45 R ) 2L TR 0 A S R /K RS2 PS5 4% 14 0 0 7 3 G E 52 ) T BI
FERE % 18 T IR 3 W 1 W P o S T IR B W fr i ¥ 0 . ST R (5 e T A
(BT, U I T R IR R Sl () M Ak B 1 5 (8 B AR R Ly, DEIAAESX 2 2600 i vt 3 4 4
SRR AR T Z e 7K 2R 0 A T O R AR AR TS A2 PEARDO 5 v R B W47 Sh G218 AR 3% 7 I LU T, o 3
SRR N . AR EPT SEAETE I MR 2x B 15 A B A 15 I T 22 %, (ELIR RR I8 R K 22 8] A
PRSI AT 5 (B s B R A0 S A AN R B K IR 7 T35 T R O S0, SR sl el 45 T 2 18 MU AR iR A
K. 56 BRI EAE KA, A SR £4 A 2R A A R0 B R 3 R S O T HA S ey, X 5 B
TRRUS W AR B2 R AT — B, XA — @ R L mT LU, A T Margalef “F 57 BEFR K%, BT 57K 5T
PP AR X K PRI b SRy LS A0 B . AL , ThT 0 0 7K S50 2E DA BT 20 e RO A (Y kb 1 5
VR RGN ANZE &, IF S5 KIS RO N 45 58, A BE B 4 10 ] 5 b R B TR A 8 0 0 dd K A 2
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