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Bioassessment of Qinhuai River using a river biological index

WANG Bei-Xin, YANG Lian-Fang ( Department of Entomology, Nanjing Agricultural University,
Nanjing 210095). Acta Ecologica Sinica,2003,23(10):2082~2091.

Abstract: The purpose of this study was to develope a group of metrics that would document effects of
pollution on benthic macroinvertebrate assemblages for biocriteria and assessment in the Qinhuai River.
Benthic macroinvertebrates assemblages were collected from 21 sites with a D-frame net in Qinhuai River,
Jiangsu province from 1999~ 2001. Nine upstream sites were considered in reference condition and 12
down stream sites were considered impaired. Twelve metrics; total number of taxa, ET taxa, %
Ephemeroptera, % Trichoptera, %Diptera, %Chironomidae, %Odonata, % Dominant taxon, %
(Ephemeroptera/(Ephemeroptera + Chironomidae ), % (Mollusca + Crustacea), Shannon-Wiener index
and No. of aquatic insect taxa were firstly selected by evaluating their frequency distributions in the 9
upstream sites. % Ephemeroptera and % Trichoptera were rejected for their low values (6.32% and 0
respectively) at the lower quartile (25" percentile) because reductions would be unlikely to be detectable

when comparing values at reference and impaired sites. %Odonata was expected to increase with

impairment was also eliminated because of its low score (10.2%) at the upper quartile. %
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{Ephemeroptera/Ephemeroptera+ Chironomidae) was eliminated because it was highly variable, 17.31%
at low quartile and 71. 61 at upper quartile. Pearson’s correlations were performed on the_remaining 9
metrics to evaluate reduncy. Strong correlations existed between % Chironomidae and the % Dominant
taxon (r=90.85) and the %Diptera (r=20. 81). In addition, the % Dominant was also correlated with the
% Diptera (r = 0.73). Therefore, %Chironomidae and %Diptera were eliminated. The remaining 6
metrics were tested for sensitivity by comparing reference sites and impaired sites. % (Mollusca +
Crustacea) were weak discriminators where the interquartile range of respective populations had
considerable overlap and it was eliminated. The remaining 5 metrics: Total mumber of taxa, ET taxa,
Shannon-Wiener index., No of aquatic insect taxa and % Dominant taxon were used to compose a new
index, river biological index (RBI). Scores (5, 3, or 1) were developed for normalizing the different
numerical scales of metrics into a single score. Thus anRBI (river biological index) was calculated by
aggregating scores of the 5 metrics. The range of possible scores for the RBI was determined by the
maximum score 25 and the minimum score 5, and then it was quardrisected ro provide 4 ordinal categories,
they were clean, slightly poliuted, polluted and heavily polluted. The RBI provided a biocriterion that
improved discrimination between reference and impaired sites over use of individual metrics such as
Shannon-Wiener index.
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Table 1 Distribution of metrics in all sampling sites

FAEA Sites M1 M2 M3 M4 M5 M6 M7 M3 M9 M10 M1l MI2
B AR 11 0 7.23  13.25  25.3 0 0 33.73  13.25 0 4 2.8

T mft# 11 1 1.80  24.52  26.52 0.94 0 38.68  24.52 3.7 5 2.93
b & 12 2 13.63 12.12 18.18 19.7 0 34.84  10. 61 65 8 3.62
1, 3 k5 6 0 0 72 72 0 0 6.67 72 0 3 1. 21
RERES 8 1 0 23.52  23.52 2.94 0 16.67  23.53 1t.11 5 2,52
- R 17 3 1. 89 §.49 14.15 15.09  2.83 44.33  7.54  66.67 7 3. 55
R o oy o 2 0 0 93.13  93.13 0 0 0 89. 05 0 1 0. 36
BHEY 7 ] 3.7 64. 8 64. 8 1. 85 0 46.29  64.8 2.78 4 2,13
TR HY 11 1 1.09  32.61  30.43 1. 09 0 20.65  30.43 3.45 9 2. 67
e ding. 2 13 4 0 14.75  58.6 7.38 58.6 14.75  6.14 54.55 7 2. 27
-3 AT R 18 4 18.78 18.78  16.36 6.06  8.48 40 16.36  27.2 10 3. 66
X 10 1 1.56  40.63  40.63 1.56 0 51,56 40,63 3.7 5 2.5

WEFFFF5 13 4 0 23.08 15.38  32.31 15.9 21.03  6.15 B84 10 3. 09
A& 10 1 0 22,11  20.19  28.85 2.88 41.34 16.34  63.83 7 2. 96
Mg F e 8 2 5. 8 1.41 22,06 4,41 0 44. 11 4. 41 50 5 2. 77
-3 AR R 23 5 5.47 10.45 17.41 20.89  2.48 34.82 895 70 15 3. 81
db B 7 o 22.1 72.63  61.05 0 0 0 §1. 05 0 6 1. 78
B & A 18 3 3.75  46.62  34.59 4.51 0 26.32  34.59  11.54 12 3. 36
X 92 14 1 4.39 21.98  21.98 6.59 0 43.95 21.98  23.08 10 3. 25
KE £ 17 3 6.77 11.27 26.31 30.82  0.75 36.09 11.27  73.21 12 3. 43
< qIIR TR 18 5 1.19  21.42  20.83  15.47 16.67 23.81 20.83 42.62 9 3. 47

(D Xibeicun, @ Xiapucun, & Longdu , @) Wuchagiao . ® Shijiazhuang , ® Suangpuyuan, (7) Chengzhonghe , ® Guozhuang .
Kaitaigiao, {0 Changshigiao, [ Qinghuainanhe., i Gecun, (3 Magancun, 1§ Caixiang, (3 Haiziba, ® Qinhuaizhonghe, {7
Beiwengiao, {§ Tengjiacun, {@Zhaocun, &Dazhuoxiang, 20Panshancun

M1: 343258 ¥ No. of total taxa, M2, ET B LI ET taxa M3 8% {Odonata % M4 . 5L B % Diptera% s M5
iR 343 26 8 5T ¥ Dominant taxon % M6 ; ¥ 9§ % Ephemeroptera¥ ,M7: £ H % Trichopterai ,M8. (F &Kzt + B E 3
¥ )% ( Mollusca + Crustacea Y%, M9.: 3 3 %Chironomidae¥, M10: (¥ Y /%¢ # 4 3 & )% ( Ephemeroptera/
Ephemeroptera + Chironomidae) %, M11: K A& B H 4+ 28 5 5T B No. of aquatic insect taxa, M12. F R T H IF K

Shannon-Wiener index

1.2 BRI

19994 6 H,10 HM 2001 £ 10 BABMBHEENLEBHET T SKRE . EREL 21 ME DR
fIR4#E 1 K. £ Barbour % 1996 S AR T . HEELHAE. A DENEESR 0. 3m ¥,40 H
BEENTF I.-m BHNERAHNERE. B MESATE 40~50m KEREREHRER 20 MEHRA
0. 15m* (D MR 0. 3m X REKE 0. cmIB/NEN . B RBERA 3m’ £H. XHEN EESAERNE
BOKBE . S#AR . BARJERABR BRNO LA, 2R /DEFHE N, 8NP TR EERAFRE
BAZBKNEHRER. . EEATFHBE 20 M MEFTHREASE—E, EEXH 4%~ 10 B/RDHE
E.REE YR KERRSH SUWBENATEFEEARETE. SNEEN . RESYIEELXEE
ZR.OKEBRAUFZIDEFER R M BEMKHLEECEHN,

BB 52 8 Barbour”™, BRE . BFEHN pH BRXRAEELIMNGHERBEEZEME BT
SRR AR 0 EEER{LES A IPB-607 B & L DDB-303A B J R, UL RITH & 4 7 (X 7%
i P-2 REMEI. ChETARMEIHTE SHESH, B SPSS 10. 0 PR .
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Table 2 Quartile of metrics from 9 reference sites and o BELTH 2
reasons for rejections | R §2 - 519
7 oL 7*{X = :
15 %y 25% 50% 75% mﬁmﬁﬁ% ET; )
Metric S L 3K A S Reason; for (81
25th%ile 50th%ile 75thXile .
rejection
M1 13. 50 17 18
M2 2.5 3 4
M3 1. 54 4. 39 10. 20 {H AET
M4 10. 86 18. 78 22.53 A
Mb 15. 87 18, 18 24,10
M§ 6. 32 15. 47 25. 85 {8 K KT
M7 0 2. 48 12. 19 {H Ak KL
M3 8. 25 11.27 21, 41 Fig. 1 21 collection sites in Qinhuai River catachment
M10 17. 31 42. 62 71.61 BERKK® S1 7k F Xibeicun., S2 F @ # Xiapucun, S3 1 #B
M1l B. 3 10 12 ]
M12 3. 31 3. 47 3. 64 Longdu. S¢ & #| # Wuchagiao, S5 ¥ ¥ K

@ Values low; @ Variable; M1; & 43 % # 7CB Total ~ nurezhuang. S6 R M@ Suangpuyuan, S7 & ' A

number of taxa, M2;ET 23 2 B 50 ¥ ET taxa, M3: 4§
¥ % Odonata ¥ »M4; B B Y Diprerads ,MS; IR 8 45- 2%
B 3t %Dominant  taxon%, Mé6; B $X%
Ephemeroptera % ,M7; £ H % Trichoptera; M8 (¥
& ship + B FE B W) % (Mollusca+ Crustacea) %  M9;
}8 ¥ % Chironomidae %5, M10; (M 8/ % - 8 W) Y%
( Ephemeroptera/Ephemeroptera + Chironomidae )%,
M1l /K ER B4 KB Y No. of aquatic insect taxa
M12 R LY Shannon-Wiener index

Chengzhonghe., S8 ¥ FE Guozhuang, S9 7 & #f
Kaitaigiao. S10 ¥ &} #f Changshiqiao, S11 TR W
Qinghuainanhe, S$12 ¥ # Gecun, 8513 WK ¥ #
Magancun ,S14 # # Caixiang, S15 ¥ F #l Haiziba,
S16 & ¥ 9 M Qinhuaizhonghe, S17 dt X
Beiwengao, 518 M % & Tengjiacun, S19 # H
Zhaocun, S20 KX 8 % Dazhuoxiang, S21 #& it #

Panshancun

2 #RS5ah
2.1 £ iFar1E B %

1999 4E#0 2001 4E 3 M ALK WY 66 # 2761 Mrd . HPKER R 46 B, 5 69. 7% : ¥ ikzh
YRR EBRE IS, 527,279 REMAKE 2R 53 BU . EAHARARIUFBEHR U . ZER
BEKTPEEBRLE SN B EPT 4B AL HR Y ETEHSHEH B> RETH.

12 Y EEEEMREEAHSELE L. REERERERE I KRR IRE, EH . RE
BLoASE S I RH BRI R PR 2 9 MR R R KRR I Y,

ER—EBEREBSTER - M FHEBIDHEBRE. EZ T RBRDRRSROKER CREN
ZHUBRBE WERRE T, ERXEGAO T BRELWEAD . FEKREAIEXRERENELTS.
ERBE, WAEMAKNAEBRERE, KEEE ARENER . EZBERPBREABREKEN . KREE
(25U BN ER K. ZEAEAIBERKRESHEEKERSHF,WERIESH E#6HTEHT M
HATIE R B RAR 4. 90 12 MEYBBPETE 9 N HKE S PR (frequencies )3 (R 2) . FHER
AR HRENEYE - MERBL BT 25X MNEWER O WMAES BT KERA. 5H5H R
BIMEZE O TN EEAREPH AR TR, 0P/ 8+ B %, 25 AU BER 17-31, 75 % 7 L B
EEBT 7161, BRAKX.UAEEATKEFN. BT LML MEEET S MEEEDER DAL
KB THET HREAXE FREBEBE KERAS XA TE KL LKRTL . NHEE Y. (REHY
+ HFEZHY) K I % (F 2),

5 b3R8 AR RAEYIR I Pearson XA EBITHIERR SRRV E DB M, 5L
SAEBETY M, MINSB Y M, BIRNHXRE A 0.85 A 0. 81, B HATY M, RINEH % M, [§
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B X RR 0. 73. 3 HFMAEHXHREENHIR
NES %X REERN. AP~ EHER
TR, BB KB DXRTAAEB X%
BRI SHERCE ). ABTEBTY M 759 LK
EHEy s uBEZEAEESE) BERRE S
KU TURETN. HE 5 MMYEEZHES R
SAEWHEBAMELRESARE LB ET KR
BARETHEM AMEXREREE O 12, AR
B WA (6] (0 o i 1 SRR AR S B 9 Y S AR AE . A T
iR 2 KK BT ERERCHET RATH.
MESTHKBETY (BEN+BERFIPOIN . KERR
SFEBTHEMERBET 6 MEWIEI.

& 1B 905 B oK 58 K B BB ) SRR B0
M — ML AT LA ot A 4% R Bk (box-plot) R 2 7 . SR —
THEPHEBNEEFEKERTSESRKES T
MAHEECOLER 25K A NBE ISUAMBOF K

N3 SHEZEWMIEMA Pearson HXER (»=9)

Table 3 Pearson correlation matrix of 8 metries (n=19)

M1 M4 M5 M8 Mg MI11 MI12

M1 1

Mz 0.66 1
M4 —0.04 —0.07
Ms  0.12 —0.23
M8 0.05 —0.5]
M% ©0.12 —0.1% 0.8 ©.81 —0.18 1
M1l 0.66 0.36 0.17 0.38 —0.18 0.15
M12 0.61 0.33 —0.48 -0.25 0.39 —0.20

M1; 84 2598 5 ¥ No. of total taxa,M2:;ET X R TE
ET taxa,M4; 3 ¥ B % Diptera% . M5; I B IEBA T Y
Dominant taxon% . M&; (M &K I+ HF TS PO%
{Mollusca + Crustacea) %, M9; # ¥ % Chironomidae %7,
M11; & F £ 1 Shannon-Wiener index, M12; 7K 4
B i1 535 8 5 ¥ No. of aquatic insect taxa

M2

1
0.7 1
0.50 —0.26 1

1

0.20 1

HpER, WHEBRERE A LR 6 M EWHRBWEE I MHEAESH 2P EZFRESPHRBIHH
BARME DALUFS (RESY+HEDY L HEEFEKEPRIARGROREREHH XS
SER RAHERERE HESAMHERNIHTRAERRNERN L, REALBRAGPINE LY. @ L
R BARELDIRETH.ET FRERH KEPRETK BEREBEHERBIKER R ;R LT
WE S TAEYHEBES TEARERKREYEIFN.

2.2 MHEMHERRATFOIEREARN

RZMEPHEBHAZEEFRAKEN A FARADHREAAOBRA,ELIGE -0, HEAR
MM EER, AR A Karr HRWH 5.3, 1 EPRFERIE . RESTEPRBEE-H4Z2RIPHS
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Fig. 2 Discriminatory power of 6 metrics for reference and impaired water

FREERARBESR BEENIFHEA:-FED 2UZE SNV BEAMER ENRKXAPTHEBEESRAIR
H.C.IlEAKRELAP. 15 KR A Range bars show maximum and minimum of non-outliers ;boxes are interquartile

ranges (25% ile to 75% ile)lines in boxes are medians;asterisds are outliers. C:Clean sites,P:Polluted sites
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Fig.3 Methods for scoring metrics

INEE SO EAE, KIEER S5YUMUEE 715% o (7 ¥ ot 8 {8 49 #5 B (Barbour 1996) Small squares are

median vaiues ;boxes are interquartile ranges (25% ile 1o 75% ile) (Barbour 1996)

HAE S HMETREN S HEBRRTHL,rHETFLEIH LMERRE, BRFRPER W 75% 0
BWEERDFFRSESROGRMTHUSKERS TRESE S, R T RENIBRERTIT,
SPETFLHEINI@ADC S REEFE SRS MEGHEBENSARES AR EZIRNERE
BROE—RDGH—TH 0 EYIER— 7L B iE 8 (River Biological Index , RBDARRkK i
SEBTHET AERAH EREFABBE KERRS R RTHRMABHRBTYE S MHECHE
BRI MEYREEHRSE. TS ERNBERMERS. BEMER LA S TEYENSS
KBEES T, B, A REYRBETEYSHEEER 5~25. RARME HLMENIHEBYR 4
MR BAPEIFE— DR P REDRES 4 DKRBERHOIRHE 21 ~25, 35 :16~20.%
5311 ~15,. Pi5H S~10 BIS R,

N4 EWMRBMA SRR S0

Table 4 Descriptive statistics and score metrics

- 5y 1 8 #5 $ 4 75 Frequency distribution 4 {8 Score
M?trics BAME 5% ful SOnAM TSNANH RKME 5 3 y
Min 25th ¥ile 50th Lgile 76th %ile Max
B THD 12 14 17 18 23 =14 8~14 <8
ET 4% 8 78K 1 3 3 4 5 =3 1~2 0
R BPT %O 14. 15 25 34. 84 42 24.33 <24 24~62 =62
AERMAKBE ALK 7 9 10 12 15 =8 5~8 <5
ERIGHS 3. 09 3.3 3. 47 3. 64 3.81 3.3 L7~3.3 <1.7

(D Total number of taxa,@ET taxa,@Dominant taxa% .@No. of aquatic insect taxa,&Shannon-Wiener index

AR M AR (RBD M 21 MEAMKB#HTESRTMHCGE O FHRARSSHRUERICING
BT, RRE 7T MREAMKEENAEER, & 33 3% AREYBBFMHKERREDZFLEHE
FHER. REETRET . BHREHIGFN KRN FREREREYELGRISRINER LREMTT
HPHREBAHNRE, EZHKFENENERARETEIFERE. MATREYHBOEHH . B TR
ATEMEWER. TARAFGERSKEMNER SREZETXRRRE., BE, XK TRERA
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ET KBTI kERSNMAEABREHRELAT Y ERT 64.8% (R .M DOEHERH 1.4(F 5 .M
AXAREANTFREATY Kot ZRALOHALESKEAALT, BE AP BB ZERESWF
MEMNER(ESENZHEFRIEFTFNERBHF R ERER N EHFRA. SHMFLTHEIEITIVA
K X, 1990 4F g 5% T PR W B0 ok i EL AT R AL AR A W  HOK R B A N 5 KK AREE P . B R OEN
NEREGE 2% A RKRTH I 6(E D . HREDERIINSER(EERBRMZAKERNALEN,

®x5 BEAHEAXKGEEXRBERA

Table § Some chemical and physical information of sampling sites

REE RIS BHRm KB ARR meE AR

Sampling sites Substrate Altitude Temperature pH  (mg/L) (m‘jm.n% (.m)
DO Conductivity Width

i [ 2 A BE Silt 20 21. 4 6.8 2.1 328 147
THEF® W Silt 85 21. 4 7.4 2 244 152
y£ 158 RIE Silt 90 21.3 6.8 1.9 347 65
L 1F. 2 B Silt 130 33. 8 7.0 3.7 205 120
HWEEY MR Sile 115 30. 6 6.6 0.4 205 32
RWMEC A B Gravel and silt 120 29. 6 6.9 6.6 161. 4 0.8
i@ e Silt 0 30, 4 8.5 2.3 287 43
BEY RE Silt 80 33,2 6.8 1.4 — 38
TR R Silt 100 20 6.8 10 363 23
GLEEE BA R IR Gravel and silt 98 33 7.2 8 313 2.2
REHRY R ¥ Silt 54 22 8.1 8.1 283 32
e R Sike 100 21 7.2 1.3 262 62
BE AT AP P4 R Gravel and silt 170 29.9 7.7 14 361 1.1
FEO A . BE Gravel and silt 150 26. 8 7.2 % 431 2.5
wFme W Silt 188 32. 4 6.8 3.6 344 4.5
RBRERFC . BE Silt 30 21 6.7 4.3 279 24
3t X HF ¥ Silt 30 25 4.2 0.7 886 27.5
PR WiR Silt 40 23 6.7 1.1 337 31
B Wik Silt 100 21 6.4 2.5 390 12. 6
KE 59 B %A ¥ Sand, Gravel and silt 64 21. 8 6.9 4 436 6.9
K UH® MR Silt 118 21 7.5 3.7 317 7.5

(D Xibeicun, & Xiapucun, @ Longdu, 1) Wuchagiao , B Shijiazhuang , ® Suangpuyuan, 7 Chengzhonghe , 8 Guozhuang , @)
Kaitaigiao . 1§ Changshigiao, @0 Qinghuainanhe, 2 Gecun . @ Magancun, {3 Caixiang,» 3 Haiziba, @ Qinhuaizhonghe, (3
Beiwengiao, (8 Tengjiacun, (9Zhaocun, @¥Dazhuoxiang, ¢DPanshancun

BREGESAW DOEE RBIKEREHERBZAHATHIWAFIAR R S MK 6). 0 RBI
HMERAIBERMBEEDO=0.4), HHEMBENDO=1.0,FHFR I X H (DO=0.7,
pH=4.2) HEHTHET . (DHTEREAN DOEEENERAFEANNEN . EREAR: (DB TH
B P % G SR Bl M W 35 {8 Ctolerance value) 8. PR LAERR S RBI AW B . B EHIPM XRP K W
TEAYIEE W BI 58 B R E 2 B B (intolerant taxa) B R2EFF % (intolerant taxa ¥ ). W5
BE 5 (tolerant taxa ) HEEEIBEEREYIRNINAF R, £ CBE LR T RBI 1BV K 4 ¥
i
3 iTig
3.1 AV Eaamng
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RRAESRKGER)YE AR WEE Y X E AR, 7KL= AR SRR 4B X KA YA R
U AESY AN HPRKAENBEGBRa s AN L-XEULESKEHAESK, M EHUFEH.
EHE FPE KENHENEERSKERRNE GENRES YA EREEHER FE. B
Mt - 7E 37 R JES M AE 0 4 B0 AT K PR B R B TR AR e L 2 RGE A AR TS () R A W0 48 B R VR 4 4 R X O
5 B M R R S S FE B . Barbour A 0 IS LK (B R 15 R AR TS R/ NRE D KIEMEI Y 5
$, 07 15 3 A 9 15 MO AT R AR S BT T LA BB — 2 R R KR R 49 98 B Pearson MR 208,
2hAS—H AT B0 A A Y B R SRR R X B MR A AR RN I 3. S TE K
ST RAKRSMRMA YRR, RSB X & Y 58 BT GURTE S 7, OF UM BR SUR M e B R B9 38
B, 23 LR =SB/ VERETLEDLATCK ET HEETH . EREEEFN KERRFEKET
BARBAIXBETURBESTREKRENTF me ARewEunERANEEKRENRALR
B —HER. Resh B A FH EHEESTH LT Table s

Bioassessment of water gquality using river

() X # 4T E W F N E D HREGT R .01 E 0 2 5
ARERAE, ARG HABEERERREZXA

biological index and Shannon-Wiener index

KEZH FREH KEEHN

MIEHE YRR SRR NS, AN GTUEIR B Eﬁi Rank of Shannon-  Rank of
RREMTNEEEREMNER., BIMREEREY O Rel q“’;;i “’d ;ZE}
—REL XA ETSE TRED, DGR, A :
- . it [of = a0 11 RERP 2. 8 254 SP
WPl — A RAEEMERATAREDFNT B 0 o e 203 mEmse
fOERERIELERMARTIERITZAWRK o0 o BEWSP 362 HEIEC
ERBRYEBXAFTKBEEYFNREEEDIN o ypo 5 WISREHP 1.20  HERP
BOEA KRB IR R WERES 16 RISESP  2.52  BISRSP
3.2 WH¥HEHNG— B [ i) © 23 &EC 3.55 HC
AR ENEYHE—BNRREYHESMN RhEo 5 EISHRHP 0.36 ES§HP
RS TEHNRE - TNA G TL2HREEYHEST BE® o EHBPHP 2.13 BISRSP
G E AR . HE L EREMREPR FRE? 17 BBRSP 267 BISERSP
bLRAKASIMANREREAWNAE. BhT WHHEC 17 BIERSP 227 RERSP
A K RAT B ERRRGAR, SEaw FEEAT 25 WEC 386 WEC
BN S ok R SR R M E A RAe BHT 0 1s ER s o RER
R T L T A S o
Hﬁ?ﬁiﬁléﬂﬁ?ﬁ%mﬁﬁ%-ﬁﬁiﬁ5.3.1.%%—-«1‘-%’.&%{ g 7 REmSP 277 ISP
WAEN 5 RABMARKEREE SN RTE pnme o5 mwic 2 81 HiE C
ZRARABEMEL. B EAEBESMEZEN oo 3 mpmp  L7s PERP
HHR RTUEENEN. EHEM L FXRY T gape 03 WIEC 3. 36 i C
WMHAHREES AR EREFNRBENEETER g0 19 BIPSP  3.25 W C
WEM ET AMBE TR BREMMEEB.KERS xag® 23 WMIEC 343 WSC
ARBTHAER SRR T KE S MERAHAN. AR ZuE? 25  WEC 3. 47 i3 C

EW RN SRS RE B& 25,85,
HAggrmftimeEs~25. AR EoHE
B, MEWE TIENBERFTHBKREN 4 4
.21 ~25, 15116 ~20,. 3154511 ~15, R i5H;
5~10 EIS§ MENREARRHETKEITFHHEH,
(R — M E Y1 WK R o RAIGHEN B L BT HE L
Bies 2 . a FTARHRBRYBLBHFRABIE S,
i RBRI A KERMNAOEREMERBEA & Tt

C. Clean, SP: Slightly polluted, P: Polluted, HP:
Heavily polluted. (D Xibeicun, @ Xiapucun, ) Longdu, @
@ Shijiazhuang, Suangpuyuan, @
Chengzhonghe, & Guozhuang, @ Kaitaigiao, {9
Changshigiao, (D)Qinghuainanhe,(dGecun. (3 Magancun,
i® Qinhuaizhonghe, {7
Beiwengiao , {8 Tengjiacun, (®Zhaocun, @) Dazhuoxiang,
@rPanshancun

Wachagiao,

4 Caixiang, {13 Haiziba,
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S RIE L UMAEN RBI BATE - AREHNERARSH . EANKES TERATEANKESR
9 NEETERANRERE. AR PAREDHETNERNSHREERFINGRAEROTTH
Sb (e, M TR RBIEX% 15, BRBE RBI BREEIINKEERRER LHEEERTS
~H 5, Bl REA ISR, YR XFHEFETEH LR AKKAN FRIGRAPIGRZHE,
FAERL RSN REFEENBIXETBERADMMMA. TME RBIH RN 5. EXER

CREGRKE.
3.3 JRHIRA R KR &

MR ARBH PN KR, SR FEMNEAFER FEAMRENEEKRT. BEEMRRKFEM
FHHRGERRBSAGERY. BEh TFREESUS RS DD EREHRRE R EEXELS—FN
AREHN BRA.MANLKBREN. RELEEREKFER T SHRERARN . ESHREFMKLARX
BA . R AREA YR P AR R K R AEYRBGETIFNE R AR REE EH . Bournaud FEH
3% 512km # #y35 BH RhOne W PRI Y M BE LW R AR T RGN B, ARRHEHIYREEEE
BRTURFHEARNE", BEELHRARS P UETER M E. RRBENE EUGRNE
BB RPREN, —BRAFRARDEREE ELURYAERHMHEFREN , FANTRE2RARN.
EEHBHRERRBE P DEM—-BIATFEHRE EIRAREMTED, AERKER EZRA
TEANRLHERANDEMREE BHREERBHAE I A4, RERBIKENT 1. 5m KRR
HFDEMREANEREE —B/NT som, FUAHRF FERNESRKEPHKEEERT KK
g,
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