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Abstract

Population of Taiwan land-locked salmon (Oncorhynchus
masou formosanus) has been reduced due to destroyed natural
habitats during the recent years. In order to protect and rescue
this endangerous fish, rivers in Wu-lin areas were chosen to
study its water quality as well as water flora and benthic insects,
and the results obtained could be used and provided for further
rehabilitation. Tau-San River and Wu-Shen River are not found
to be suitable for survival of Taiwan salmon, due to lack of
water in dry season and intensive agricultural activity resulting
Into poor water quality, respectively. Dry season has been
extended to five months in Tau-San River in winter. Water
quality at downstream of Chi-Ke-Lan River has been found to
deteriorate with occasional high concentration of biochemical
oxygen demand, ammonia and high water temperature.
Previously, Wu-Lin River and upstream of Chi-Ka-Wan River
with good water quality and natural environments were
considered to be ideal to sustain its existing population to some
extents. However, there are in the present study, abnormal high
concentrations of biochemical oxygen demand and ammonia in
Wu-Lin River with recent expansion of sight-seeing activity and
tourists. Since most of land-locked salmon inhabits in those two
rivers, rescue alteration and protect efforts have to be paid to
maintain its natural environment.

Water quality index (W.Q.L) calculated from investigated
area was in the range of 58.5 - 85.9, showing those most of
water quality in Chi-Ka-Wan River and Wu-Lin River are stil]
favorite for the fish. Most of river water qualities are
characterized with high hardness and alkalinity, thus it is not
afraid of acid rain in this area. Water concentrations of nutrient
obtained are generally low, except phosphate during vegetable
planting season in winter. It is concluded that agricultural
activity, exploitation of forest and both sides of river, and
discharges of waste water from hotels and tourists are urgently



prohibited to improve its water quality and to increase its natural
food for salmon.

There are good relationships between water quality and
total bacterial counts (including E. Coil counts), water quality
and benthic fauna as well as benthic blue-green algae. Poor
water qualities are usually accompanied by dominant present of
Oscillatoria spp., Phormidium spp., Dugesia spp. and Physa

SpP..

Montitoring system of water quality at present should be
concentrated on Chi-Ka-Wan River and Wu-Lin River, with
emphasis in changes of dissolved oxygen, biochemical oxygen
demand and ammonia.
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Ao mE&EAGEESHTFAR e B2 85 55 B384
B AH AR EREZ EE L8 LS8 2515 A
TR BB S Z M 0 AR ERE B R AR
S FAEARE A AMMEZE ¥ R2E R
_1]-_ o

10. BE

1218 Atk & B E %L E M4 N.D.~ 3.66 NTU
ZH(RE~+TW)  BE AR ERASERETHRE
BE RS TREEIME QIR O G HERT 058
FEt o BERSZRETHEINLE

ARl E R Atk HE EN el -+ &
BsE PRGBS RS - A EBRE > BB LT EE
Ao 85F 8 ARMKZAARTA®  BEmERALANZE
EEECANG Hr BRITHEZTHEARBA LS
REZBHRRZATNRERL S L AHE BIE KRB
o oB o TLRBZATHOEFERERELGE &
TREMEFRMBEMATRBLBE LS B4 TR

15



gL Ao
11, &4
(1) &8 ANH,"-N)

£ 12 BAmKFRELGFEAKLEB N ND.~
831.1 ppb Z M(&K=Z~+wW) ~KRAEAHELFZMNIE
% 0 BATE EAe MK E KK A KA B 500 ppb 0 TR EP
500 ppb X EThe st & H & 4A HE - Bt PR P 59l
76 86 F 1 A 3 831.1 ppb = %44 4 » 340 &) 35
B REMABSTAELYLE -

AR BRAGZ AR ZE B+ &=
T U AT MlEE PR Ak RAR G e E E R 2
BR R TRERSRZEBY M- F4% SRALHERS
CAF LR > B hHRZHEER > LeE 509 8E T
FHFRD - 86F 1 AN A4 BERIMBANS LS
% WA B ERsE{E5iE 831.1 ppb » ATk B bk
2 AACE AT B A B B E o i) s 12 R R A
PARLT A —IF ARG ERTHREL IR 2 T4
BlE T o &Rk 2F TGRS TG B4 sk d
REE BB RESRILSY mEAELEE
S B NE L ERATEN - AR LT
PRARAT A RBNSABRMGKZES  Hik L&
MEEFR M EEHRKER SR EMLE X
AAKVPEREFLEM AL i Samper
WS Z ML RERN S o

(2) LAERNNOy— N)

1248 A 1y 2 3 2% BE R AL N.D.~ 16.9 ppb =
Bl(R=~+ W) e b B &R HEAT =404 o

TRAER A Z T E =+ 2R =+ 5 8
EFAR LR RG REFRADLERME BRER
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se ok LML BIANE T g o ki) sk T3 n) 44 5k &
o 2 AR HE E B K AR K AMA AR PR 0 fa,
A ® i 16.9 ppb Z8H & R0 E ot R R R W
AED MRS R BT AN TR E3ARS
B P39 H 4.5 ppb » HABiE1&GA 8 @ 6) 96hr-
LCso Z 190 ppb < kK% T aies f 3 .28 4514 45
R AL B AT 2R A AR AR A 2 AR (19 ppb) > Bk -
HBER T BB RS FRAHBIENNBE TR

WE -
(3) # 8 A(NOy— N)

218 At 5 88 52 #4835 N.D.~ 1989.0 ppb z
R Z~+m) o X F RS 5E829.0ppb » AR
EELEA G0 AR AN AEARBR T X
BH BT TRERT 4 SR B AL Miey
SHREARE RO THEER G KEE 2 R Y2E g
100 ppb 5 > 84 F % ik 1989.0 ppb » & 8 v E 4 45
BILZRE > ERRREIRES -

TEBSER A B RS ibTAB =+ + 8 =
LRSS ESLE XS BB TS S S o TR
B HBAEESANH S SHLA LS ERASA
ﬁ%@&ﬁ%ﬁ&m%T%ﬁ%hﬁﬁkmﬁﬁ&&%
RT7 ELBESH AL R R 45T
TALGRERNBRE - RBREF5AELEAE > 9 Ap
B AL ARSME EREABERS A Bt
REFRHREERLEFHRZET A8 3K B T
FEEEVOMES -

(4) #8558 B (PO, — P)

128 Aty &8 s B L B8 8 i %2 430 ND.~ 36.8
ppb X M(RZ~+19) o B AT FHA M F KA 2 R



245 20 ppb o AlsEA DR S A RAE 0 mEkER
BB TR ERERILZERZ— -

TR sE A 4Kk AR BR A B = AR
= Fa o F SR BN T A E & L (mesoeutro-
phication)» A P U E =~ Z B H Liasb$25 0 AP
HHIEEZO6EIRARS -

BREAS THEYRH R RARM S RA
B> Bt o Rl R eHmiF & —4 EEERLEE LS
ZHEEM S AR EREEMCAZAMEE -

(5) #az & ( Si0, — Si)

12 @A &b eymg BIgE &b 2.13 ~ 1554
ppm Z M(Z =~ 1) B BTIREEERKAE >
ML g TAEBARIL DB MR RZ — N FHESMm=Z
i Bk BFNE BTN A RE F&EARE -

FEAZGER A Z R BB =+ &=+
AT e ZMER AT ERE BB ET > PTVA 0 &
BB ElreSERRap8LE ROAEAMNERE -

Bz RTHBRBIZEEBRERE  —RMBAR
WFARE A2 b BB 5k e F =08 55 BF IR sk AR R AT
XEERBESY LRECHAEHIEELEL B
FHAA 8 F 1 AL g b BriaafEZHELR
SECEHBEMAFFNEIE - A4 AHHBBEENE
KO EHBREARAERAM T HEFANTEEAHEE
FE O ORAEESZEREAERKZIERT  BBEH
FlrEREZEN -

12. 25

REHESS F6AZL86F4 A A E b LKP R
RERZELBSE WwERTEE AT o RTEELE
S ERILEBIINE 4> 050 ~ 6.63 ppb ; 4% > 8.60 ~
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136.0 ppb 5 43 > N.D.~ 1.50 ppb ; 4% » N.D.~ 1.73 ppb ;
K ND~030ppb - BRTELBALELMER A S :
47 > 140 ~ 8.65ppm ; 4> 11.50 ~ 40.80 ppm ; 45 » N.D
~ 0.2 ppm ;45> 3.00 ~ 23.43 ppm ;5K » 5.99 ~ 77.00 ppb ©
BLAT F AR MR @ R 2 K E A2 475 30 ppb 0 488 500
ppb » 4% % 10 ppb » WRE 1ppb » &b K+ ELE AT
FAEALER HERRELB S ER AT TREZA AR
SREMEETLBTHA -

A PRFPEASGERGMWEE 6.63 ppb » BEER LA
14.18 ppb &> M AFEREREALSERSESE 8.65
ppm 0 A F R S48 2 8.90 ppm 48 0 B RIE E 475 2ok
EFBEM - ARRSER AN AKTALERATHAB IR
24w SRR YRS SR ARG WRR A GZ B
A RBEASHOERBERKFASEANES FT AR
THRALANRACZBAGRESAM 2L 4B HE L
oo SRBRBBEATR  MALFRERN > 2RENS
EEF S EZIGN0 o

M FRTELERGEE 136.00pph 1B EF B 548
1256 ppb S i3 % » A RFEMSRRH LB RSB A5
40.80 ppm » R g {K 70 k& F R &1 2 48.00 ppm s i £ B 4B
BT B AF AT BF AL R0 o TR 55 R
AR5 2BRALTABZTERZ 4550 L8135 B F R
AR TESZEAAT R BFBLEY - ZRERILE/F
Ko AAEFHERN -

AL FARPEZELERSMEE 1L.50pph » A EFA B S A
0.32 ppb » ® KF LB RRB S ERSMEE 02 ppm > M
FFERERRB S ERSMEAAR B REREKd 2454
FREFS - TRMERABKTELEZEIFTHE =+
R =+ ERERTE A KPELSBTERERK 25
EF e RRGBLERGE AAXTZHEEAA -

M FRYELEGBRSGEE 173 ppb r AR L F R F
18 3.06 ppb » fiy K5 8] 5k & R4S 58 5% 5 448 23.43 ppm
S EFREHEZ 1039 ppm o REA LR A B KFLL 4
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Z#ATHABR AR SRR AE AT SE
MAEZR  RAAKRTFMHEEA -

ML PR RAERSMEE 030 ppb - BEF RS
0.26 ppb i > MAFEANLERREGERSMEE 77.00
ppb » HhEFRRRSGMEE 352 ppb > RRKRESEEoh
1o EFEREFEELRBAELRR - FREM SRR KT R
SR TABE T —ZE2W+ = KRPREBRE =083
BE o APRREaREEGZEBEETHAEM mMAKZEIL
BIABE o RIRZ KRS EUAFZBIERE LRIER S > Migk
WEERABEETHHELNHRE > il BRHEARE
EERIGR R -

13. K¥mEH

S8S ASBAZERFS5S AW cmBAHMATERTH AT
—E 40 BARARETAEBRTLEZIERZ— MXIGF
HAME A TAIEAERKFTE RUAATERALEALR
o EXEARLEENERS BTAEABRFTEEA
BFEEEEARE -

KPP RGIHFARRBLERARCERETBRISRAA M
AL TFAB W S R v o8k PULE Z 0855 RFE R sk
ZRBEERAEES AR AR LML KBIER
HEDBATHEERMEOKEZIRETAGFEREZ S0
CFU/100 ml » 12 & E bW lsE B/RKAKREWE £ F 84 @
HEREERE LE R LRARELE LS XRAE
W AALTRKEERSEKAGRE@BTER B L
AL RERR S AT ER B ARG 8 B
BIsERE 2 R G ik B =0sE R F Lk
ARG BEZOHUERZI ARSI L LERE EHE
ABzEENG RET RS EAREST RLAKS
RBRAERET > MANEAFTEKRIEEEM - KPP REGIFEH
HEXGB FIAKRS MRS ETAREF5S ALEAR
FHERSG @HRERZZ2WH EFRAERTEHITERRK



FToMAALATRITRESBAIANE R RBEHAENZ @
RE H ] Aol BB E oA BT RTEEL S
9 Az kR BBEFEFHM AL - i3> KB RAKE £ S 4 L5
KARATF O35 - Wb AHFE R BRI EL TRk
T RIE - 86 F 5 A& B 5HREF 2o HEalE
B LA MEIT TN ~ 4 Azl &N

BASAERRSE B BV EYZH AL LEMN -

14. 87 B ih g

B RFEA ) RFEII B A5 ND.~ 181.9 ppb =
Ml i g Bl A ND.~ 219 ppb 2 M(£—+4£2% =+
AN)e RRPEMRLGEREF T Hdls R84 o

BAf FAMBMNOE 2 KEZESL | ppb » @KE Ak
ABE 10ppb » Kbl P28 2B K S HANABE s157 =
SR ELERER MEyZEMES LS RBEEE TR
R L LB TR R RB S FiE—FIEH -

SRS HRAEPERET S 2L L Bok B A a4t
B2 HpL-O T MBEREARFTEBETZ — c BITKERALE
AR 10ppb » Thmsb P RBL AR aRIEFKE L
i BRI G A B SR B AR T A AR I*J-zﬂaﬂﬁ##
o Bk hEHBANE AR TR BREE

15, BAE%A

AFEEBREHAOABREER TR A=A E =+
o RBRERTEBIFE AR A HILEILEK o BAE T
BKEZIEREY > — 9B o-ps(a-8GH) ~ B-ps(S-
5RHEM) ~ a-ms(a-F )~ B-ms(B- 4 )R os( B JE )
AR R P o-BBEMREARERE RMEAEMRATKE R
& ARFEAEREERZAATERERBEL 23 > ¢
88 1% (Oscillatoria spp.) & J& & (Phormidium spp.) B 38 J& 4 7k

Wz 35 AP hafdi K o8 il KE#HE
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WMT B KT Z 2% bz ABMBERVR52 5 2
ERBREEATHMIEELY bR 258 0K E R
CA A bk b B P E AR KA -

JEEMRZREREN » FINMEE BG AR RAKR
ARTEHERENHO T RRTF )b 7 % il sh A &
DHRBREEN ARG E AL B R 2%
A% RALEAAA M o

HAFEAMGFRBRERARELEI MBS £ 4
AHEMEETZRE AEEkHAL  RTREZHAK
R 0 A8 48 R P B KR 4L o

16. KA 2 &

AFERELSERED O AL R TFTHEAZ =2
T e 85 F 9 AR kIR T M RKER AT AFA 4
BSH-BHB0BIR-LEHAOK 128 - HHA3E3
B 1 B I RAFHASESHE - Bohdets—#:5
SR RABRE Y REPAEHANERETRS - 86 £ 3
AR RBEET  WBERLALLEHHERE K 7/ 34
RI0B12# -2 2B 154 YA 28 28048y
B4B4tE- Aohdoit— R8BS —HBREGHMWB -
B gy 0 RRBEIARASRH AR ER S > LARBEREE 2
B BEAR L REIERS -

MEAY BRTF=Z L+ +—B+ =8tz
R LA B R A LA RBERKAEE > L Eb
KE B ER Y HTE o SLERE BARSKIRARE & o 3335 B
AR ZREZ BENRERY 0 AR LBE TR 5 RE R
0 Bt KA RSEE TN KEISZ A ey g Lid
Z R o i PR Hydropsyche sp 5k 8K R 82 £ 2 RE - 1o
KAERZ RFEBERAAKRKEREZ S Linlsboy = B85
Eh401( Limnaea sp(#F #R) ~ Physa sp.(R3¥E) & Valvata sp. \ &
R En $yah (Helobdella sp.(KRENFTHEREHEN 55 %
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17. 2K HEHR
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585~ 850z M o mEFHMELSIR AP AL S RIsEK
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700 » AL KETRENER  FoREBRRAARILYHH
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HA B4R FAE > pH - REARANERTEE
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6.7 > 1992 » K VW iX @ 1AM b ok £ 2 2k FESRIEHF 2 »
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AT 2. AERERARESLZKRPELE ST (85.7)

>l Cu Zn Cd Pb Hg
(ppb) (ppb) (ppb) (ppb) (ppb)

% — sk 3.48 51.40 0.30 N.D. 0.10
% sk 5.89 36.90 0.10 0.68 N.D.
=5 652 51.70 0.40 1.51 N.D.
Zwik | 482 56.00 0.60 1.23 N.D.
535 | 663 48.90 1.50 1.73 N.D.
sk | 4.90 56.00 0.10 0.99 N.D.
Fxsk | 4.60 60.90 N.D. 0.64 N.D.
/36| 419 136.00 N.D. 1.37 N.D.
%+ sk 3.66 39.90 0.20 0.52 N.D.
EF? + -3k 3.17 42.20 0.90 0.73 N.D.

%+ =351 3.99 41.10 0.20 0.28 N.D.
Ht+=3| 349 51.00 N.D. 0.21 N.D.
%—d—,\ AMEHEESEEEZ I FT 284 8(85.7)

Cu Zn Cd Pb Hg
(ppm) (ppm) (ppm) (ppm) (ppb)

#—zp 1.90 11.50 N.D. 3.98 25.92

# = ah 2.10 12.10 N.D. 4.38 11.97

% =5k 2.30 20.60 0.10 6.65 55.82

e Rusils 3.20 17.30 0.10 8.12 12.97

% & sk 4.30 18.60 N.D. 11.65 8.98

% 555k 3.70 18.80 0.10 8.90 12.97

% sk 2.50 19.70 0.10 3.00 46.85

# sk 1.40 14.10 0.10 1.83 18.95

%+ 3k 5.70 20.70 N.D. 11.96 21.94
%+ —sk 2.60 18.80 N.D. 9.21 13.30
o 3.10 14.60 N.D. 8.63 5.99
%+ =3 2.80 15.30 0.10 9.14 6.99

43




AT E KB ELSBRELZ KT ELE A S(85.10)

Cu Zn Cd Pb Hg

(ppb) (ppb) (ppb) (ppb) (ppb)

% — sk 1.16 79.40 N.D. 0.13 N.D.
% = 3k 1.51 48.70 N.D. 0.65 N.D.
% =3k 1.30 73.40 N.D. 0.75 0.30
% v 35 1.53 33.80 0.50 0.48 N.D.
% sk 1.14 30.30 0.40 0.4] N.D.
%5 sb 0.79 85.50 0.10 0.93 N.D.
# sk 1.38 46.90 0.10 0.32 N.D.
% fsk 1.52 51.60 0.10 0.59 N.D.
%+ s 1.42 40.60 N.D. 0.15 N.D.
A+ —s 1.19 50.00 N.D. 0.61 N.D.
%+ 1.40 61.10 N.D. 0.59 0.10
Ft+=: 1.25 56.80 N.D. 0.72 N.D.

44



AT N AEEERIELZARTEFLE A E(86.1)

Cu Zn Cd Pb Hg
(ppb) (ppb) (ppb) (ppb) (ppb)
0.80 20.50 N.D N.D 0.1
1.72 41.50 0.20 0.80 N.D.
0.91 21.40 0.10 0.12 N.D.
0.66 36.70 N.D. 0.17 N.D.
0.87 8.60 0.20 0.44 N.D.
1.08 14.20 N.D. N.D. N.D.
0.70 22.50 0.10 0.47 N.D.
0.68 39.90 N.D. 0.58 N.D
0.76 15.70 N.D 0.34 N.D
0.80 14.70 N.D. 0.15 N.D.
1.64 10.30 0.10 N.D N.D.

AT AEEEFEEZ TEFTLE 45 5(86.1)

S Cu Zn Cd Pb Hg
B Hl (ppm) (ppm) (ppm) (ppm) (ppb)
35 4 |
% — b 5.10 19.00 0.10 16.03 38.50
% sk 5.26 24.20 0.10 10.26 35.80
%= sk 5.55 30.00 0.20 23.43 40.90
% 3k 5.73 25.20 0.10 18.94 38.50
% B 5k 5.28 23.70 0.10 18.60 36.10
%5k 6.73 24.90 0.10 20.89 40.90
# - sb 7.01 40.80 0.10 18.04 77.00
% sk 5.73 36.00 0.10 17.90 38.50
%+ sk 8.65 20.70 0.10 19.51 43.30
ot =t | e | e L
%+ =z 4.00 14.10 0.10 12.65 31.30
F+ =z sk 3.90 14.10 0.10 12.40 28.90




Aot RKEHESBREEZ KPP ELB S F(86.4)

Cu Zn Cd Pb Hg

{ppb) (ppb) (ppb) (ppb) (ppb)

% —z 0.98 45.50 N.D. 0.40 N.D.
% sk 0.66 85.40 N.D. 0.93 N.D.
% =5k 0.58 32.60 N.D. 0.63 0.30
R usii 0.74 18.30 0.10 0.28 N.D.
% sk 1.08 48.80 N.D. 0.90 N.D.
i 0.86 58.70 0.20 0.90 N.D.
% sk 1.16 17.20 0.10 0.65 N.D.
2 4 0.68 18.90 0.20 0.80 N.D.
%+ sk 0.78 16.30 N.D. 0.95 N.D.
FF—s 124 38.90 N.D. 0.18 N.D.
%+ =30 050 14.90 N.D. 0.23 N.D.
F+=3] 076 30.70 N.D. 0.33 N.D.
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R — KW &5 2 e A A (85.8)

sb 4| RKBHEEHR Ll 8
®4a (CFU/100ml) (CFU/100ml)
% — 3k 10 20
% sk 10 20
R 20 30
% g sk 10 20
% B sk 10 30
% 553k 20 30
% sk 490 500
%Ak 10 20
- 20 30
%+ —3kb 10 20
%+ =35 10 20
%+ =35 10 20

R+ = REHE &5 2 m H B (85.11)

Ha| REREE BE
H 48 (CFU/100m1) (CFU/100m1)

# — 3k 28 37

% =ik 5 7k A A5 7R
= sk 610 730
% vq 54 22 59
% sk 24 25
%ok 48 51
% b sb 188 190
% sk 22 25
#+ s 17 19
%+ —3 16 18
%+ =3k 15 23
2+ =3k 24 38

-




R =2 REWE LR 52 w2 B(86.2)

w X A% 1 $ 5

[Ealki:! (CFU/100m1) (CFU/100mt)
% — sk 20 40
% = b A5 7K S 7K
% =3k 80 190
% vk 10 30
¥ sk 10 20
R 10 10
% 435 80 150
%5k 20 60
%+ 40 60
%+ —zk 20 30
%+ sk 10 30
%+ =k 20 40

R R R A8 5E 2  BER A (86.5)

b4 KBALHK A
= 8 (CFU/100ml) (CFU/100ml)
B | - T
e T
% = sk 30 440
R 10 250
% sk 20 130
- 20 70
% sk 10 40
& fusk 20 110
%+ sk 20 200
%+ — 10 50
%+ =z 170 720
-+ =3 20 160

E: B S RE S shE O 4.0 M B R IR
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ot A ABEWELSEABAELZ8 BRI 4 5 (85.08)

sE4 N HAER Phenol (ppb) Oil (ppb)
% — 3k 81.7 N.D.
= 181.9 14.4
% =3k 110.0 13.5
FRE 61.0 N.D.
Z# 7.5k 136.0 21.9
%o 3b 91.1 10.4
% sk 95.1 12.9
¥ A3k 117.2 N.D.
%+ sb 67.4 N.D.
%+ —z 63.8 7.8
%+ sk 69.8 16.8
%+ =k 75.9 N.D.

*N.D. o Oil<0.1 ppb

RN AW E SR RRES M MG 45 (85.11)

5% N pATE R Phenol (ppb) Oil (ppb)
% — 3k 130.71 15.75
5 =5k A5 7K iR A5 7K
% = sk N.D. 16.16
FRup 62.77 14.21
% Bk 75.82 16.03
R 61.96 16.30
% sk 72.28 14.21
% Uk N.D. 16.44
% -3k 91.85 14.35

%+ —k 46.20 0.14
%+=s 87.77 13.80
%+ =3k 104.08 19.23

*N.D. ¢ Phenol < 0.1 ppb
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Aot BN E SRR 28 E n 545 (85.2)

L& N AR Phenol (ppb) Oil (ppb)
% — sk 57.61 15.36
% —ak A& 7K 3R A5 7K HR
% = sk 11.96 20.24
g sk 39.40 22.43
% A3k 12.50 21.61
%o 5k 40.76 21.06
% A5k 30.43 15.65
A3k 22.28 19.77
%3k N.D. 12.49

$F—sk 16.58 14.13
=z 11.14 17.80
%+ =3k 6.25 21.36

*N.D. © Phenol <0.1 ppb

RN KB B SRR E 2B % 58 (85.5)

34 N MR Phenol (ppb) Oil (ppb)
$—-s5 1 . | T
ﬁ!ﬁ.:.g ______________
%= sk 82.88 14.68
%93k 85.05 17.19
% 73 79.89 16.35
) 75.82 20.39
%ok 69.29 13.42
# 3k 79.35 15.24
%+ sk 45.92 15.10

%+ —sb 57.88 12.17
%+ =35 57.07 15.65
%+ =3k 45.38 20.11




%-——*'1'7’(4 Ifk]%ii@&xé%*ﬂt’éf&%:%’—b\ fEFa g
BB 5 1L( 85.7)

35 4 & 28 #F (No./mL)| 4% (%)
% — 3t | Planctonema lauterbornii 12000 100.0
F = 3b Nitzschia spp. 1000 100.0
% = sk Oscillatoria spp. 1000 41.7

Navicula spp. 1000 41.7
Nitzschia spp. 400 16.6
Fws Oscillatoria spp. 4000 80.0
Navicula spp. 1000 20.0
% & sk Oscillatoria spp. 11000 64.7
Scenedesmus spp. 6000 353
%N sk Synedra spp. 146000 97.4
Oscillatoria spp. 2000 1.3
Navicula spp. 2000 1.3
% sk Synedra spp. 324000 55.7
Navicula spp. 100000 17.2
Oscillatoria spp. 30000 13.7
Fragilaria spp. 78000 13.4
F A5k Melosira spp. 600 60.0
Synedra spp. 200 20.0
Navicula spp. 200 20.0
5ok Melosira spp. 8000 100.0
%+ -z Melosira spp. 4000 100.0
4=k Navicula spp. 88000 84.9
Melosira spp. 15600 15.1
%t =2k Melosira spp. 134000 88.7
Nitzschia spp. 13000 8.6
Navicula spp. 4000 2.7




R+ RAEHEEREE RS A SARMRE
A ER( 85.10)

b4 18 45 #F (No/mL) | 4% h(%)

% — 3k Nitzschia spp. 600 100.0
% — sk Navicula spp. 1400 66.7
Cyclotella spp. 700 33.3

# =3 Fragilaria spp. 32500 60.2
Melosira spp. 13000 24.1

Navicula spp. 4500 8.3

Synedra spp. 4000 7.4

%33k | Asterionella spp. 8400 52.2
Fragilaria spp. 4900 30.4

Microcystis spp. 2800 17.4

% hik Navicula spp. 10400 59.1
Microcystis spp. 5600 31.8

Synedra spp. 1600 9.1

F 5536 | Desmidium spp. 1600 66.7
Navicula spp. 800 33.3

% sk Melosira spp. 36400 38.3
Navicula spp. 31500 33.1
Phormidium spp. 16100 16.9

Tabellaria spp. 6300 6.6

Oscillatoria spp. 4900 5.1

F sk Melosira spp. 1400 66.7
Fragilaria spp. 700 33.3
% 35 | Phormidium spp. 1200 100.0
%+ — 35 | Phormidium spp. 300 100.0
% + =35 | Phormidium spp. 400 100.0
%+ =35 | Navicula spp. 800 100.0




Rt - ABRBEESEEERER A BHAN

RE A HE( 86.2)
14 78 47 #£ ¥ (No/mL)| &% 1t(%)
F—ak Chroococcus spp. 20000 66.7
Oscillatoria spp. 10000 33.3
% = sk Chroococcus spp. 30000 50.0
Micractinium pusillum 20000 33.3
Navicula spp. 10000 16.7
R Oscillatoria spp. 110000 57.9
Chroococcus spp. 50000 26.3
Nitzschia spp. 20000 10.5
Scenedesmus spp. 10000 5.3
% Ak Chroococcus spp. 50000 41.7
Oscillatoria spp. 40000 333
Melosira spp. 30000 25.0
%<3k Diatoma spp. 110000 40.7
Oscillatoria spp. 50000 18.6
Navicula spp. 30000 11.1
Fragilaria spp. 30000 11.1
Cyclotella spp. 20000 7.4
Merismopedia spp. 10000 3.7
Planctonema lauterbornii 10000 3.7
Cocconeis spp. 10000 3.7
% 3k Diatoma spp. 200000 54.1
Navicula spp. 70000 18.9
Synedra spp 40000 10.8
Nitzschia spp. 30000 8.1
Oscillatoria spp. 10000 2.7
Melosira spp. 10000 2.7
Closterium ehrenbergii 10000 2.7
5 ALss Chroococcus spp. 210000 67.6
Fragilaria spp. 30000 9.7
Gomphonema spp. 30000 9.7
Oscillatoria spp. 20000 6.5
Navicula spp. 20000 6.5




(Rt —)

3k & 1% 28 2 & (No./mL)| #1 A% (%)

% +3b Chroococcus spp. 110000 34.4
Microcystis spp. 50000 15.6
Micractinium pusillum 40000 12.5

Diatoma spp. 30000 9.3

Cyclotella spp. 30000 9.3

Oscillatoria spp. 20000 6.3

Scenedesmus spp. 20000 6.3

Navicula spp. 20000 6.3
%+ —sk Chroococcus spp. 60000 37.5
Cyclotella spp. 40000 25.0
Scenedesmus spp. 30000 18.8
Oscillatoria spp. 20000 12.5

Micractinium pusillum 10000 6.2
-+ =3k Oscillatoria spp. 30000 37.5
Navicula spp. 20000 25.0
Chroococcus spp. 10000 12.5
Chlorella spp. 10000 12.5
Melosira spp. 10000 12.5

#+ = Scenedesmus spp. 40000 36.3
Navicula spp. 30000 273
Micractinium pusillum 20000 18.2

Fragilaria spp. 10000 9.1

Gomphonema spp. 10000 9.1
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R Z o KM B ARk R R A 2 A8 SR L 4,
A 4 r(86.5)
35 4 248 # ¥ (No/mL) 4 A%, pE(%0)

% —3ak | Chroococcus spp. 1850000 99.5
Cyclotella spp. 10000 0.5

% =3t | Chroococcus spp- 190000 76.0
Diatoma spp. 30000 12.0

Cyclotella spp. 20000 8.0

Cocconeis spp- 10000 4.0

% =3k | Chroococcus spp. 130000 44.8
Diatoma spp. 70000 24.1
Phormidium spp. 40000 13.8

Melosira spp- 20000 6.9

Oscillatoria spp. 20000 6.9

Cyclotella spp. 10000 3.5

%wsk | Chroococcus spp 80000 61.5
Cyclotella spp. 40000 30.8

Melosira spp. 10000 7.7

% B3k | Chroococcus spp. 140000 73.7
Melosira spp. 30000 15.8

Cyclotella spp. 20000 10.5

%535 | Chroococcus spp. 250000 78.1
Cyclotella spp. 40000 12.5

Melosira spp. 20000 6.3
Phormidium spp. 10000 3.1
F 2 Diatoma spp. 290000 58.0
Synedra spp 120000 24.0
Navicula spp. 90000 8.0

% /L3t | Chroococcus spp. 160000 72.7
Diatoma spp. 40000 18.2

Navicula spp. 20000 9.1
# s Chroococcus spp. 60000 60.0
Diatoma spp. 40000 40.0

i
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(A= +=)

b % 72 48 ¥E (No/ml) | #m}L(%)
%+ —3s& | Oscillatoria spp. 130000 50.0
Chroococcus spp. 70000 26.9
Cymbella spp. 30000 11.5
Phormidium spp. 20000 7.8
Melosira spp. 10000 3.8
% +=3k| Chroococcus spp. 160000 76.2
Diatoma spp. 30000 14.2
Oscillatoria spp. 106000 4.8
Fragilaria spp. 10000 4.8
% -+ =551 Chroococcus spp. 520000 91.2
Melosira spp. 30000 5.3
Diatoma spp. 20000 3.5




AE+T 2 AR ESRES KA LSRR AR LI035 (85.9)

CHEMAS ATEANHEAS)

ELY A
2]

4

10

11

12

13

Lenoag  lokunagai

8 B
* * * * % *
Amphinemura sp.
Gibosia  sp * *
) * * *ok * ¥k * %
Negperla  sp.A
* * %
Protonemura  sp.A ** * * *
*
Protonemura  sp.B * * * ok * *
s23
* * * ¥ * * % ok * %k % % * *
Ameleins  sp.
Baetis sp.A * * k| Kk * o
* ok * * 5
Baelis  sp.B ** * * * %
Baetis  sp.C * *x k| kAk
I *
Ecdvonurus  sp. * * * * % ® ok
'y *
Lphemerella  longicaudata * * *
* *
Pseudocloeon  sp.A * ** * * %k *
Pseudocioeon  bispinosus * * * *
: *
Rinthrogena  japonica # % Fack | okokxk * * * % * *
£ g
Arciopsyche  sp * * * * *
Glossosoma  sp * *
Goerodes  sp * *
- *
Helicopsiche  sp.
, * .
Hydropsyche  orientalis * * * %ok * %
Hvdrapsyche  sp A * %k * % *
Rinacophila  sp.A ® * *
*
Rhvacophila sp B
: ' *
Rinacophila  sp.C
Stenopsyche  marmoraia * *E * *
Setodes  sp. *
* * * *

-1




o~
S

kT

£

10

11

12

13

lalvata  sp

A
Elmis  sp. *
Eubrianax  sp * *
*
Fotamonecres  sp
i
. *
Lanthus  fuliacus
fug
*
Antocha bifida
Blepharocera  sp. ok ¥ *
*
Chironomus  spp. ** ** *x * * * * *
Lriocera  sp.A * *
Simicdduim  sp Fkk | kokk * % k * * * * & P
Dugesia  sp B &) * * * * * %
Pinsa  spiF 3Ly * %
* %




HET O RKERESFES KA RSHMEEHE R L8 HHF(86.3)

CHBEBMAZ RTHLMHBEFINS)

ELY 4

Rivacophila  sp.A4

% B 1 3 /4|56 {719 1011|1213
e
Amphinemura  sp. * * * * * * * *
Doddsia  sp.A ** *
Gibosia sp. * *
Nemoura sp.A **
Neoperla  sp.A * x % * * * *%
Ovamia sp.4 *
Protenemura  sp.A A * ** * * ** *
Protonemura  sp.B wxx * ** * * * * *
f 4 B
Anteletus  sp. * ® * * 1L . % *
Baetis  sp.A * ¥k * * * ¥k
Buetis  sp.B i * ok *kx *% * * * *
Baetis  sp.C * ** * %k *x
Ecdvenurus  sp.A * *x * * *x * *
Epeorus  sp.A * * * *
Ephemerefln longicaudata *
Ephemerella  sp.A(11b11) * * * *
Paraleptophlebia  sp.4 *
Psewdocloeon  sp.A * % * *
Pseudocloeon  bispinosus | ** * * x¥ * *
Riiithrogena _japonica oA *x #Ak | kkw * Kk kx| xxw
£#A
Arctopsyche  sp. * * * *
Glossosoma  sp. * * ** Tk
Goerodes  sp. ko * * *
Helicopsyche  sp. * ko
Himalopsyche japonica * 1
Hydropsyche orientalis * * L1 % * ok
Hydropsyche  sp.Af **
Plectrocnemia  sp. *
* * * * *
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# ]

10

11

12

13

LHA

Rhyacophila sp.B

Rhvacophile sp.C

Rhvacophila  sp.D

Stenopsyche  marmorata

Tinodes sp.A

Tinodes sp.B

ok k

Uenoa  tokunagai

* ¥

H#E

Colymbetinae ZZH

Eimis  sp.

Eubrianax sp.

Potamonectes  sp.

Prionocyphon  sp. A

b B

Lanthus  fujiacus

wEE

dntocha  bifida

* %

Blepharocera  sp.

Chironomus  spp.

* ok

* ¥

* %k

* ¥

Eriocera sp.A

{4 Saij

 Simulium  sp.

& Bh#

Dugesia  sp.( ML)

LT EY

* %

LW -

Limnaea  sp.(fEXH

Physa  sp.( K4

A % %

Falvata  sp.

*x

EEYH -

Helobdella  sp.( 745
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D.O. (ppm)
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Mk 1: &8sz KEIEE

% A8 ¥ XA AE P9 KE T
Asterionella spp. EiT# Bacillariophyta B ms>0S
(27 7% F7)
Chlorella spp. JNIRE Chlorophyta o ms=> 3 ms
(4 3 FY)
Chroococcus spp. &R Cyanophyta o ms=> 3 ms
(B %R TFY)
Closterium ehrenbergii A # Chlorophyta o ms
(%%
Cocconeis spp. g8 s % Bacillariophyta B ms>08
(87 % 79)
Cyclorella spp. DR Bacillariophyta a ms—>0S
(7% P7)
Cymbella spp. %R Bacillariophyta a ms—0S
(87 % 77)
Desmidium spp. ok Chlorophyta 3 ms—=>0s
C338))
Diatoma spp. ¥ Ri% Bacillariophyta o ms=> 5 ms
(&%)
Fragilaria spp. WEAT % Bacillariophyta B ms>08
(£77%79)
Gomphonema spp. EH%E Bacillariophyta B ms
(87 P7)
Melosira spp. e Bacillariophyta 5 ms
(B F9)
Merismopedia spp. 58 % Cyanophyta B ms
(B 4%107)
Micractinium pusillum | 83 # Chlorophyta o ms> 3 ms
(%P9
Microcystis spp. & g2 Cyanophyta a ms=> 3 ms
(B4R PT)
Navicula spp. A% Bacillariophyta a ms=> 3 ms
(#7:%F9)
Nitzschia spp. xR Bacillariophyta o ms=> 3 ms

(%)




(¥ M8k 1)

1 R S Fi KRHEEAR
Oscillatoria spp. 2 Cyanophyta B ps=> 3 ms
(B &%
Phormidium spp. R Cyanophyta B ps=> o ms
(B#%PY
Plancronema lauterbornii Chlorophyta a ms=> 3 ms
(% 79)
Scenedesmus spp. M %k Chlorophyta o ms=> 3 ms
(%% fD)
Synedra spp. 4147 7% Bacillariophyta B ms=>03
(#i%17)
Tabellaria spp. F iRk Bacillariophyta 0s
(37 %F9)

i (Dops: a-58&M (B8 ps: B-%EH Qo ms: q-FEMN

(HB ms: B-FEHE (5)05: FHEM
Q ps=2 3 ps=2 o ms=> 5 ms>0S

------- > 4

-~




ik 2 : B8 7% 418 48 (400X)

Chroococcus spp. Cocconeis spp. Cyclotella spp.

Diatoma spp. . Melosira spp- Navicula spp.

Oscillatoria spp. Phormidium spp. Synedra spp.
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