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This study was to examine impacts of turbid water on fish community in the down-
stream of Yongdam Dam during the period from June to October 2006. For the resear-
ch, we selected six sampling sites in the field: two sites were controls with no influ-
ences of turbid water from the dam and other remaining four sites were the stations
for an assessment of potential turbid effects. We evaluated integrative health condi-
tions throughout applications of various models such as necropsy-based fish health
assessment model (FHA), Index of Biological Integrity (IBI) using fish assemblages,
and Qualitative Habitat Evaluation Index (QHEI). Laboratory tests on fish exposure
under 400 NTU were performed to find out impact of turbid water using scanning
electron microscope (SEM). Results showed that fine solid particles were clogging in
the gill in the treatments, while particles were not found in the control. This results
indicate that when inorganic turbidity increases abruptedly, fish may have a mechan-
ical abrasion or respiratory blocking. The stream health condition, based on the IBI
values, ranged between 38 and 48 (average: 42), indicating a “excellent” or “good”
condition after the criteria of US EPA (1993). In the mean time, physical habitat con-
dition, based on the QHEIL ranged 97 to 187 (average 154), indicating a “suboptimal
condition”. These biological outcomes were compared with chemical dataset: IBI
values were more correlated (r=0.526, p <0.05, n=18) with QHEI rather than chemi-
cal water quality, based on turbidity (=0.260, p>0.05, n=18). Analysis of the FHA
showed that the individual health indicated “excellent condition”, while QHEI show-
ed no habitat disturbances (especially bottom substrate and embeddeness), food-
web, and spawning place. Consequently, we concluded that the ecological health in
downstream of Yongdam Dam was not impacted by the turbid water.
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AN $3o=m gt Rojoks} A (Bloesch et al.,
1977; OECD, 1982; 3 %, 1998; An and Kim, 2003), 4=
AFAIZE F7tel wh2 AlERe] AAaka A (hypoxia)
HEA (Stroud and Martin, 1973), 71& |24 o] Rl
AeA ofF2e F A Wzt <k 20019 I F
S A g A A a2 FA7 RaHs 9leh
53] felvete] IF3: Q8- Aot AFEHE £
%9 Aen ARIA) G EAH 5 A9
Kl Qizke} AUFE 93k QA BEAREGY Zog
Tex2] g4t S gloh(An and Jones, 2000). =
B gEA 2o o4 @ A} A FA) Gt Q4
A7) AN PALRE Foled LT A 3L 3
wap) el o) /el g dud 4947 5o
2 EeiBe] sl wast IR AR Sz A
$Alel 872 ¥F% o} (Horne and Goldman, 1994;
Kim et al., 1997). o]8j8t 1x=2] w4 $91& Sy
o) o) 3hat P4, 5AR) S22, 244 A
A2, A4S @ o FAE dozld(Vanous
et al., 1982; Akan and Houghtalen, 2003; ¥} <, 2005).
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7} 718l o2 4] Barbour 5 (1999)2] RBP (Rapid Bio-
assessment Protocol) 2dlo] de] Al&¥ 3w ¢I9(U.S.
EPA, 2002). RBP 292 Karr (1981)7} A) A3} IBI =9
& ARSI AL AP} wden $REF, o
YRAZEE, ol Fo ARYES o 2% 4B 2
3 A7k NAA HAhe F) SEAAE Frbehe

2ot} A ZAEE o &3t A A7} Hrh mdLe
v o= )i} (Lyons ef al., 1995), 3= (Oberdorff
and Hughes, 1992), %4 (Hugueny et al., 1996), Za*
(Didier et al., 1996), 33 (Harris, 1995), <2 (Koizumi
and Matsumiya, 1997)3} 2L 87 A5 Er1b ohz}
o}=&]7}(Hocutt et al., 1994), Q1 = (Ganasan and Hugh-
es, 1998), 3] (Gutierrez, 1994) S = QFF o] AL
B 2l 07k ) 2E % A4
23 2tz =w F4H 3 lvH(F, 2002; 3 5, 2006).

CSenee B A 48 AQel A3Res
A TS, 2004; BAR, 2004, FNES) A o]
Seob el oeh QA 2704 97k 2l A 9 7 4
Aol A A e o] DA o) FolA) 5 AsHE
= 2000; g =, 2001; <k 71, 2005; <k} o), 2005; 27
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Fig. 1. The map showing sampling sites in the watershed
of Geum River.
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EF9] /NA 4> ¥]& (Proportion of tolerance species), Mj:
24322 Abd)v]£ (Proportion as a number of omni-
vore species), Mg: 22 ZA]A 2] Alu)-§ (Propor-
tion as a number of insectivore species), M,: 25 82
Z(o]2]12)9] AFdu]& (Proportion as a number of carni-
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exotic species), Myy: 7§ 2] v]R A= 9l = (Proportion as
a number of abnormal individual)?] & 107] W =g o
2 FAF A A A= Gl mhe) 53 A2
U.S. EPA (1993)9] 5+ 7]1Fo 9Aztd A ke
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A AAA) 37h mde) A HEde Bes g A
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Instream cover), M,: 3} "] &%= (Embeddedness), M,:
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Al 9l 224 % (Bottom scouring & sediment deposi-
tion), My: 31 && A}l (Channel flow status), Mg: 4=
2 W7 % (Channel alteration), M;: - Hlx @ s
<% (Frequency of riffles or bends), Mg: A8} A=
(Bank stability), My: #4214 ¥ $ = (Bank vegetative
protection), M,;: ¥ Al 2] Z (Riparian vegetative
zone width) @ M,;: 275 #9] ¢J3k8-5 (Dam construc-

tion impact) o], 4212 H7} FF2 U.S. EPA(1993)
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stk
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¥ (Eyes, My), o}7}9] (Gill, My), 3l o}7}u] (Pseudobranch,
M9l & 107) =de Agstel Agstelch 4 o=
go] A4 AP Adams 5(1993)9] 7]Eel] oA 3}
0~30%¢ ¥o3t91, A4 (normahE: 0, W]
el (abnomal)E= Aele] A4 we} 10, 308 F-oq3H9]
o 7+ HEY Aoy S Tl 57 53U F¥A
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G Al o FY TR NS W Aoz kg
SEetell A dubd oz ggrl B AVE AS
739718l 1~8Y=A o] Al7]e] WAF Heyl A
ZFZo02 {35 77t HEpSE A H 2 (Horne
and Goldman, 1994; ¥} =, 2005), 257 ¥4&F5¢} 7
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Control

Treatment

Fig. 2. Scanning electron micrographs of gill in the control (I~1II) and treatments (IV~VI). In the treatments, fine par-
ticle were clogged in the gill (Resolutions of the SEM: I, IV= x 40. II, V= x 600, III, VI= x 1,000).
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Fig. 8. Spatial variation of water quality parameters.
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7] sl olF AR N3 A A7) SA A
+A 54 Al wad §EAeF
9.3~10.6mg LYl u]s] 23} A} @A vebda
$:7.3~86mg L), A% ClEE] S4717] & o] =&
Bo)7| it} (Fig. 3-a). A7|H == C13 C2004 &

A Vebdz (3 147 ps em ™, W $): 112~176 us em™,
n=4), S1~S4%= FF 91us em (HY: 75~107 us em™},
n=8)22 nu|w3 A Jelytc}(Fig. 3-b). o]} 22 ]
f= S1~84¢]) H3] FAh QI AL Tt w2
Cls}t C20lM FHozRE {4=HE 2989 dol B
7] Wj#ql Aoz A pHE C28 A28 vwix|
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12+ Ao Z71307] WFo= Al "d (Fig. $-c,
Miller et al., 1974; Kotai et al., 1978; Goldman, 1978;
Thomas and David, 1983; 413} =, 1998; ¥} = 2006).
Chla¥ C13} C27} Z+7F 28ug LY, 3.2ug Lls of&
Ao s ¥A ePga, S1~S4+ FF 1.6pg L
(8$: 1.3~1.9pg L'Hz Jehd €244 pH7} B2 %
Ao A vebd Z3E A F0(Fig. 3-d). &=
= A AAHoA 10 NTU w|=HEF - 5 NTU, ¥¢: 3.8~
7.2 NTU, n=12)9] %2 $X& B3 (Fig. 3-e), §=
=3} JF 0.05ppt (H9): 0.04~0.08 ppt) 2. 3} ek}
(Fig. 3-N &t=9} dxo] 23 2 o3k Ao g A

UK - HBY -

!

dol - ota=

PEE4 2 4454 ¥4

12}, 232} 2AF Aol w2 HA A3 el A
AAE 7L 2 79 31% 2,720 2 Jeht T, 13}
ZA A 29% 1,5957NA), 23} =AM 22F 1177704
7} AR E S 22z AR 13} ZA A Fopf=e A
FR57l o B4 RS (Table 1). & GFNA &3
g IFTRFS F 14501, 2EN7EL AE)

(Pseudopungtungia nigra), E4}o] (Gobiobotia brevibar-

Table 1. Comparisons of fish fauna in the controls (C1, C2) and the monitoring sites along with tolerance guilds (TOL) and

trophic guilds (TRO).
1st survey 2nd survey
No. Species TOL TRO Total
S1 S2 C2 S3 S4 C1 S1 S2 C2 S3

1 Acheilognathus lanceolatus S (0] 1 2 - - 8 - - - - = - = 11

2 Acheilognathus majusculus S I - - - = - 1 - - - - - = 1

3 Acheilognathus yamatsutae* S (0] - - - - - = - 1 - - 36 15 52

4 Coreoleuciscus splendidus* S I 8§ 19 38 70 38 - 7 14 11 21 17 - 243

5 Coreoperca herzi* S C - 11 15 2 23 13 - 5 6 6 8 11 100

6 Gnathopogon strigatus S 1 5 — - - - = - - - - - = 5

7 Gobiobotia brevibarba* S I - - 1 9 6 - - -1 2 - - 19

8 Hemibarbus labeo S 1 6 - - - 3 - - - - - - = 9

9 Hemibarbus longirostris S I 8 - ~- 5 26 - 19 2 - 4 10 - 84
10 Iksookimia koreensis* S I 2 3 30 4 69 10 12 4 5 6 10 6 161
11 Liobagrus mediadiposalis* S 1 - - 4 4 b - - - - 1 - - 14
12 Pseudopungtungia nigra* S I - 10 3 32 30 33 - 2 7 22 7 16 162
13 Pungtungia herzi S I 18 9 11 3 7 11 28 15 7 17 24 33 183
14 Sarcocheilichthys vari. wakiyae* S I -1 - - 44 4 - 11 5 - 5 - 70
15 Siniperca scherzeri S C - - 1 - 1 - - -1 - - 2 5
16 Zacco temmincki S I 66 65 41 256 97 23 53 44 22 84 17 23 791
17 Abbotina springeri I (0] T - - - - = - - - - - = 1
18 Acheilognathus koreensis* 1 0 19 22 5 - 12 7 - 25 25 - 3 9 159
19 Gobiobotia brevibarba I 1 - - - - - = 25 - - - = - 25
20 Microphysogobio jeoni* I I 1 - - - - - - - - - = 1
21 Microphysogobio yaluensis* I (0] 09 - - 7 3 - 22 - - b5 17 - 114
22 Odontobutis interrupta* I C - - 3 - 1 2 - - - - - = 6
23 Odontobutis platycephala® I C 111 17 1 7 3 2 16 5 4 7 6 80
24  Opsariichthys uncirostris amurensis 1 C 2 - - - - - - - - - -1 3
25 Pseudobagrus koreanus 1 C 9 10 3 1 7 2 2 2 3 3 5 10 57
26 Pseudogobio esocinus I I 20 - — 4 4 1 10 - - 23 7 - 69
27 Carassius auratus T 0] 1T - - - - = - - - - - - 1
28 Misgurnus mizolepis T H 11 - - - 2 - - - - 7
29 Rhodeus notatus T (0] -1 - - - - - - - - - = 1
30 Squalidus japonicus coreanus® T 0 - 8 - - - - 8 2 - - -3 16
31 Zacco platypus T (0] 61 13 2 50 32 "6 87 7 2 22 33 7 322
Total # of Species 19 15 14 14 20 14 13 14 13 14 15 13
Total # of Individual 250 181 174 448 423 119 277 150 100 270 238 142 2,772

The species list was rearranged by the degree of the tolerance. S: Sensitive species, I: Intermediate species, T: Tolerant species, O:
Omnivore species, I: Insectivore species, C: Carnivore species, H: Herbivore species, *: Endemic species
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Fig. 4. Relative fish abundance on the entire sampling
sites.

ba)2 F 2%°] £W3c) 3, F4A de] Ex
e Aoz dwR vl A(Micropterus salmoides), B2
7 (Lepomis macrochirus), ®-2o] (Carassius cuvieri) %
o) YPFL YA Gk (Table 1). 13k 2AL A F
& $H-EL A (Zacco temmincki, 34.4%), 2] (Core-
oleuciscus splendidus, 10.8%), ¥|2}%) (Zacco platypus,
10.3%) <202 Jehgar, 2x12Al) N F8 $A 2 7+
AY (Zacco temmincki, 20.6%), T)2}tu] (Zacco platypus,
18.4%), ¥117] (Pungtungia herzi, 10.5%)% }eh} 2
At NN -EL 2AY (Zacco temmincki, 28.5
%)} Aoz 3AF Y} (Fig. 4).

AAS B 2 BAE GepiE AN EA0)
w2, $212 (Insectivore) S AA| AAEH 7NA FAF
65%% =}A|ske (M $): 57~79%), 3H4]Z (Omnivore), 4
4% (Fishvore)o]l ®ls) $-&stxm gle Aoz Jepgo
(Fig. 5). U.S. EPA(1993) & Barbour 5-(1999)¢) u}=w
FAHA F95E VLGB o] ZESE A2
o A FR-=7} FolAe Wb 23 84122 A
THET Hobd A4 54 o) Al 3, AejAle) AT
27} woty A A8 vl 9le) 3, A7 o] & A
2z HriFd o2 A (< S, 2001; <k} 3, 2006)
# vlas] BoE W 2 A7 Ade} $A% QAres
Holx glef, AASA &dedM dF AH AR=:
433 Aoz AR

4. A A A3 7}

L 23 2AF A3 A AeA 274 97 A4 ¥
T 428 Jeh) “H A (Excellent)~ °%F 3 (Good)A e)” =
Boek b 2 ARA 9o} 242 7123 29 S4
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Fig. 5. Relative proportions of omnivore, carnivore, herbi-
vore, and insectivore species.

= ZH7; S 40, 393 7)E3be] “9kE (Good)AE) 24
B 2AAAL AL dEd AHE AlsHdd
(Table 2). Am}e] o33Fo] ¢l 13} AR} 23} FAR:=
Zyzy S 43.7, 40.3-2 7)23}e] 13} RAFY] A7E A
47} ekzb o A Jepgdo}(Table 2). o]2|3F A=
o] FH3A] 3 B AFAAHANAM 2AA] 0] W
fF ZpolR o] 72l AMAFA o] Zebal A=A 104
Fooll AAIE 23 2AF Al 20 g o® ofFfe] F
Eo] APl & Aoz Aladd. AR R 23 FAL)
F AA MRS AEY e HF 278 VS8 T
4.0¢ 7123} 12} 2} H]3k A Yelsdch(Table 2).

AefA 274 37t A S oz g 93RS
WS Role) o AFE Y S1~54 (43, n=8) A o] 23]
¥ C1, C2(40, n=4) 25} }33}A Jept ghpe] ofgke
AeA 775 g7l ol B 4 ¢tk & A
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Table 2. The model metric score and stream health assessments, based on 10 metric IBI model.

Samplingsite TNS RBS  SS TS 0s IS cs TNI XT Al (Crli?eﬂia)
c1 196) 6(6) 8(G) 25(1) 373 58(5) 53 250(5) 0() 08(3) 40D
S1° 15() 8(5) 8(B) 10(3) 233) 59() 18(5) 181(3) 0(6)  0(5) 44(I~ID
st 82 14(6) 11(6)  96G) 1(6)  4(6) 74(5) 22(5) 174(3) 0()  0(5) 48(D
survey €2 14(3) 10(5) 9(5) 11(3) 13(5) 86() 1(1) 448(5) 0(5) 0() 42(I~ID
S3  2065) 13() 13(5) 8(3) 13(5) 78(5) 9(5) 423() 0(5) 0() 48(D
S4 143 96G) 713 8@®) 11(G) 706) 16(6) 119(1) 0(G)  0(5) 40D
Cl1 135 7() 53 35(1) 423) 56() 1(3) 277(6) 0(6) 0(6) 407D
S1 14() 85) 9() 6(3) 233 615) 156) 150(3) 0(6) 07Q3) 42(I~ID
ond  S2 13(5) 10(5) 9() 2(6) 27(3) 58(5) 15(B) 100(1) 0(5)  0(5) 44(I~ID
survey €2 14(3) 10(5) 9(5) 8(3) 28(3) 67(5) 5(3) 2703 0() 07(3) 380D
S3 153G) 9(G) 9(6) 14(3) 51(1) 413) 8(5) 2383 0(6) 0(5) 40D
S4 133  716) T3 13 243 55(G) 21(6) 142(1) 06)  0(5) 38D

TNS: Total number of species, RBS: Number of riffle-benthic species, SS: Number of sensitive species, TS: Proportion individuals as
tolerant species, OS: Proportion individuals as omnivore species, IS: Proportion individuals as insectivore species, CS: Proportion
individuals as Carnivore species, TNI: Total number of individual, XT: Proportion individuals as exotic species, Al: Proportion individuals
with abnormal species

Table 3. Qualitative Habitat Evaluation Index (QHEI) in sampling sites.

. 1st survey 2nd survey
Habitat parameters
Ci S1 S2 Cc2 S3 S4 C1 S1 S2  C2 S3 S4
M; Substrate/Instream cover 15 20 18 16 20 11 15 18 16 14 18 10
M, Embeddedness 13 18 18 15 18 11 15 18 18 14 16 11
M; Flow velocity/Depth combination 18 20 20 18 18 10 16 20 18 18 18 10
Bottom scouring &
M, Sediment deposition 13 18 18 11 13 11 13 13 16 8 8 10
M; Channel flow status 15 18 15 10 11 11 10 10 10 6 10 10
Mg Channel alteration 10 18 10 6 11 11 10 18 11 6 18 15
M; Frequency of riffles or bends 8 15 10 10 10 15 16 18 16 6 18 8
M; Bank stability 10 16 13 9 9 12 11 16 10 6 16 8
My, Bank vegetative protection 18 20 15 0 12 14 14 18 16 6 14 14
M;, Riparian vegetative zone width 12 18 13 4 12 10 8 16 11 8 14 12
M,, Dam construction impact 10 15 13 5 5 13 6 13 12 5 3 13
Total score 142 196 163 104 139 129 134 178 154 97 153 121
aQg o ao aquan aao an Jan a~m Jdn Ja@n Jdan JI~IIn
3 A R7FE Hrh 257} EEGood AT olFH) FR Fo] WS E AT FAT & glgieh AR
AR & & E= gleled, 53] 13 Al S2¢) Forgt Wleg e WS A FRE gEoz ey
S4% 48% 7153t “EH (Excellent) el 2 %7}=9) om FF 3FE Bo HAFS) AdFR=E AA W
3 AL A $AE T ge-E B 4 319 A Z2] 88.3%2 A= =|gu] (Zacco platypus)?} F

o} (Table 2).

HEHE A Ao ghad oA Are]Fpe 9
HoiFe] ARFRE vEZHo BF 54& 7]|S3slg0
ojef 2 Az el HigIv AdE FAH e
FollM =T} £ 44 AMFY 2Poz &
Sl A g ofg) & Akt A Bl 9% s
MAZA] o] wimlsla e AE YFEH, w3 i<
WA 3o ZA EAAHT e o] wiag) B

=313 Jglen, Fn] (Zacco platypus)y 1745l 2
A\ (Zacco temmincki)9} NASG ZHolA] uka|#H A4
B Ho|= Fow FF 9¢o] AYATH A FH=s}
oS Z7ME Aoz sy

5. 23 A4A %7} (QHED

B A7 B2 MR b A3 14, 221 2A4H)
A7 NAA G} e 14252 3 A (Good) 2 e}



st AEiAle By Wit 139

W (Table 3). 13} zAte] B8 MA1R] Hrlghe A
145.5 (4 9): 104~196, n=5)2 ¥ 3A e} (Good)Z BY
3L 22k 2AM] EE]A AMAA %7igke 139.5 (14 97
~178, n=5)2 4] }3AH (Good)dl Aoz eht 1
A ZAbel vls) 23) Al AR ALelsL 23R A
22 Jehgoh(Table 3). o9k 22 olf 13 Al
HlE Moz Sl asHA fgAE =g
(My)o] 435511, 4l 0] LolA|mA 314 uleto] =2
kA o EAlEA = vl e My o] 2H2Ete)
AEelct. g, Aol A4d 117 WEY 3 2gw
B9 AgE Pl A=Y MH fFeS Brtet
T EdMye] H 103 vivtez HrlEe] s
FHFZ AT 2HE £ AF Hol 93 THo| g&
37 5 vls) AR Adme] ZA 2gsiw Qe
Aoz vebgtet(Table 3).

AAE MAA] 27 ARe 9P o i e o
FE A ok XA (CL, C2: FF 119, BE~ 35 AH)
Heh 2po] i e 99 s A4 (S1~84;
T 154, FEAEol ¥& Ho= veboh(Table 3). &
o g2 AR AR 7P e AL 813187,
AR oz vepdy, 7 W AL C2(101, BE
ehE eht 67) AA F S1e] oJF7F HAlse] 7}
2 F2 Adoz FrEHh 28 AR Yol ¥
17t 27 A glel Be 35& Awslm wel B
Aol fidre]l FAsHA ZolEe] oJgo] sty 34
TE27F AR B2 A5 9lo] MAR7} el
o] ot =& Ae] AAskH e 9, FFAe Z=
HEZ T AFAes TR} MAR) AgEs) ¢
A H7} Ao, 25 B T o WlEge
= FE Y-

6. 3|53 744 7t HAD

2 ATAAE G4} o) Fol B)AE G bohu]
ol AAZAN) AR Hrh wA HADE Hgs
ek 328 A7 ke ) A B 4 A4
9] $HFo=w ZAY (Zacco temmincki), 320 (Zacco
platypus), 412 (Coreoleuciscus splendidus), ZHd ==
(Acheilognathus koreensis), 37| (Pungtungia herzi) %
53193, AR A%E H7h A Az o
Bideh 2 =2 A6 wh=w, 393 (Skin, M,) H =
Y& et el Holeeh £4] g A9 0, vle
T el WA AT 10, REELLS 20, A7 &
3L 3022 Hrhslgeh £ dAFelA] Hudd Axe =

F 5% &4l BATA geb HAI S 002 vehg
o, Alzels] (Fin, MpS) =g A=gele) Avs
(Erosion) £+ %3 (Hemorrhage)2] Alelje] we} 10~
308 Rojiglom, 7k A|He] mR G BN A nE
MA NN oz velgel o) 3o wpad 244
AN 22 9 7S S v 9 AEE 84 391
g} (Shin et al., 2004; F 5, 2006). 3+, A (Thymus,
M) Wl Egel M= 27 713859 vAA AA7E dAE
2] skt A2} (Spleen, My #lEZ-E 2 2l o3
A719] A B ezt Wil SA4E 043 Aoz,
Adams 5-(1993)2] 7<) uwl=w, AAbA el 2|2} (Spleen,
My)e] el A3 =x 4L =5 i, u)AA )
A Aehe ZAATN o A3 AL =3, At
o7fol7} TR B AFeA FAZ A3} nE A
2 Al e 23S o1 gle] HAI gfe] 022
vebseh. 34 (Hindgut, My) 9| 232 383 o] A3A4h
o] Yehtx] oigtw, 414 (Kidney, Mg) G A] BHe A1 5
< Ho] 717 Aele vebgel dibd oz 3090
7VEEE o o Jiged Wi RIS abesie 7t
(Liver)& 2.9 =%2 Z$ 2484 2 A 9)3)
A 4. v B dFelMe 5H ool HF
HA) st & (Eyes, My) Wl 22 =& AA|oA A}t
Heal gt £HT 2gs Byvh o (Gills, M)&
24 =& HAE oW 24 9 HES o] AW,
ofn}7] 7WAAlR 8] AAZL AleAw. & AT A o)
u]9} 3lo}lrlu] (Pseudobranch, M) 25 AAH o=z
velygt} (Adams et al., 1993).

7. $AEA, Y ANAR G AA AR
Rz Rt I

71228 Aol w2, QejA A7 HrA S o] -
3shA A gl B MAR)9 Adel ofakg =
© 2 AAE v} 9)=H (Plafkin ef al., 1989; 9 =
et 4, 2005), £ A7elXe o - HFH $A en
o E2A Az A7t AeA A7 H7R
F& uAx Aoz Jehgoh(Fig. 6). o] - 3}
3 F g 2 B MAR RS9 QA 217
PR e] ARRA BA Adfel] wh=w A ARG
g% (r=0.260, p>0.05, n=18) 2} Ea= AA)z] Al
(r=0.526, p<0.05, n=18)%} AF#ABA7} & Aoz
et =3 221 AR ool 10 dEHS M
AR/ AR A 3] B2 (r=0.728, p<0.01), M,: A&
E(r=0.796, p<0.01), Mg §-&/54 Z8H(r=0.554, p<
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Fig. 6. Integrative health assessments, based on the Index
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Evaluation Index (QHEI) and their relations with
turbidity.
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