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ABSTRACT

1. Introduction and objectives

The most important mission of Shei-Pa National Park is to conserve the
natural resources, especially the Formosan landlocked salmon Oncorhynchus
masou formosanus, which is distributed naturally only in the streams of the
Wuling basin. However, this recreation area is exploited intensively for
agricultural activities and tourism. In order to understand the population
dynamics of the Formosan landlocked salmon and identify the driving force, it
is imperative to study in a holistic view by constructing the ecosystem models
and to examine the interactions between biotic communities and
environmental factors in the basin. We have developed a collaborative
long-term ecological research project (WLTER) to monitor and analyze the
dynamics in physical habitats, hydrology, sediment, water quality, periphyton,
aguatic insects, amphibians, fish and birds. We continued monitoring
long-term changes after removal of the 15t dam from Chichiawan Stream. The
specific aims of this ecosystem-scale project are: 1.To monitor the long-term
ecological dynamics after removal of the 15t dam and the stream habitat in
Chichiawan Stream; 2. To understand the driving force of the population
dynamics and to ensure the good habitat of the Formosan salmon; 3. To
monitor the community dynamics within the stream food web and to
understand the relationships among communities for ensuring biodiversity in
the Wuling basin; 4. To examine human impacts and environmental factors
influencing the stream ecosystem; 5. To understand long-term ecological
processes and mechanisms of the Wuling streams by comparing with previous
long-term data including environmental factors and stream communities after
dam removal; 6. To provide scientific data for developing better policy for
sustainable management; 7. To integrate data by using ecological modeling
and to predict the effects of land use, climate change and anthropogenic
disturbance; 8. To update the WLTER scientific database.

[ Keywords] the Formosan salmon; Chichiawan Stream; Dam removal;

Ecological model; Ecological database

2. Integration results
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11.
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Ecological modeling shows that sum of all production at site #4 is
900~1000(t/km2/year), and the sum of all production at site #5 is
600~700(t/km2/year).
The results of total system throughput and P/R (Production/Respiration)
ratio showed that the ecosystem was developing toward a relatively
healthy state at site #4 and #5 in 2018.
The results of Finn’s cycling index and O/C (Overhead/Capacity) index at
site #4 and #5 demonstrate that ecosystem parameters at the site above
and below the dam were getting similar after 7 years of dam removal.
After floods flushed most organisms away from their living sites, fewer
organisms might enhance the trophic efficiency via better resource
utilization.
The results of mixing trophic impact showed that the population of Brown
Dipper might have great predation stress on the juveniles of the Formosan
landlocked salmon and the Taiwan shoveljaw carp. The Brown Dipper is
the keystone species in the Chichiawan Stream ecosystem.
The standard of stream restoration can be defined via long-term
monitoring data, which can be used to assess whether the restoration in
the stream is successful or not.
To measure the "distance" between present ecological status and
expected ecological status could help us better understand the time and
effort needed to achieve expected ecological status.
The stability of physical habitat can be assessed via turbidity. Turbidity
was found to increase immediately after dam removal (600 NTU) but
decreased in a short time. However, turbidity could last for a few days
after flood events (100 NTU).
The water quality for the stream should follow the standard of EU:
2006/44/EC Fish Directive
The ratio of Chlorophyll b and Chlorophyll ¢ concentration in epilithic algal
community in the stream can be applied as a standard of ecological
restoration. The standard of 30 % represents a healthy algal communityin
the high canopy cover of headwater streams.
The rapid bio-assessment protocol Il or the ratio of EPT and Chironomid

abundances should be used to assess the status of macroinvertebrates in
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17.

stream ecosystems.

The carrying capacity of the Formosan landlocked salmon population was
estimated 5800 individual, and the safety population number was >2900,
and the dangerous population number was <1450.

The proportion of Adult, subadult, and juvenile of the Formosan

landlocked salmon could be defined as a stable population structure as 1 :
5 1 10, and the normal population structure as 10 : 10 : 10, and the
dangerous population structure as 10 : 5 : 1.

The temperature of 12°C in the stream could be defined as the breeding
threshold temperature of the Formosan landlocked salmon.

We could estimate the total population of the Formosan landlocked
salmon by counting the model stream segment. The best prediction by
counting a single stream segment: dam 15-~2", dam 2"9~3d dam 3"d~4th

and dam 4t~5t ; the best prediction by counting double stream segments:
dam 15t~2"d add dam 2"9~3" ; the best prediction by counting the shortest

distance stream segments: dam 2"4~3' plus dam 5"~6".

We have developed the ecological conceptual model of the Wulin area via
the long-term research data for many years. This allows us to better
understand how the ecological processes within the stream ecosystem
work.

The key factor that drivies the Wulin stream ecosystem is precipitation.
Stream current velocity would increase as a result of higher precipitation,
the resulting fluctuation of flow regime would alter the composition of the
substrate, and the altered substrate composition would influence the
communities and further change the structure and functioing of the food

web.
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Fripd? AT 4R g e ahenif A S £ (Lin etal. 2012) -
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PP kA TR FAEACEHERE TE I 3764 koips £ RFENL R
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Poengisn g (RE 8 %,2011) 257 3 H - 7FE- LB EFFH L 12010
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Aok BRI ER G G oA RSN T AL R ERE T L

4

=g

I
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TEmp e RRR RT3 T2 B A AL f LA R kY 2
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BT LETR R REA T LB RSN PR EE AR R 2

AR EOREZ A 80 REZ R L AET R EE Ao T 1Y -
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TR R LY R TEEHA LD AP 2B RE
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2 F IR AR o URIREAR T RS RAIEINB 2 K TRE > £ §F 7 FALE
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(1997)45 1 f i B35 e (5 RPEERPE) T Bk 2 EC B 42
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# % (Orr et al. - 2008) - Thomson et al.(2005) 7%= 3 Pl dp 1 » 3745 (5 B2 e sp
AP R R RFZESATREAE S B EF R FRT O
R AR R RR DA ko A 2011~ 2012 #30- FEE- BLp
Pl R ETRP 5T AWML - B R A REE
B HUH S TERRE LR R b B BTT PR T LHIHE
RGP EL A4 > Fa£HEkatthP P 3 EE(HFEm %> 2012) - &
B FE- RPN L SR Pk g Bl RB AT R
B e P LR FIEREEA 0 R AFLE LR 7 F EAA
BEIIRE R R R A LR FI B RIREL G R R R T g
FEFAL AR E a5 eenfhd -

@é&%ig TR RFOFE R FT oY A R kR AR
APRE A BT 3 AR (F W 1987 4 T & £ 51986 1§ T+ % H4fr-2000) -
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Pav PR ks 7 E 6P 40 £ 70 » 553 - &2 2000 £ 47 % 40 » ¥ 40
W e Fendr ARG E R R4 o BT A FIRIEEE BB 0 P 5 M 0 ek
T R T 40 AN > E e B 5T~67 A M mor A P arantk A ¢
FE S EORERR RF R (KBS ) PR o e iR f iR
S RIIEREY X4 ¥ (bR erE > 2000b) 0 4 Cu A EEIRL IR BT i ok o
Rk R 2 Ty BT 0 RGBT R T A& xg LokdER B

FHEY AR P20k 57 % (Chiu and Kuo, 2012) - -kt 5 F RS T 2003
EEBhNER > BEZAFE 2004 £ 20 PR LA SEL PES

kb FE2FaFETE S NE NPT FRT R PERELELAE
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P ﬁ%i%.f@é:—f#% a2 fr (38 F & > 2009) - fiﬁié_f&ﬁi&%‘trﬁ TOFRRERF A
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3R e s € AR 7 1 ERlE SRR Y £ PR E(GRE e E > 2009) -
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Rokpr v rEemR P 3EL GP A g ARG T aFL S F
LA LR TRt §- Pl L B
TR AR EREN AT R A A T3 RS B
JfR G 3EdE o 51986 E k4% 646 & 0 1987 & % 4% 1,757 E (+hA % - 1988 ;

g

K

1990) © HEfs F1 % RIRB A  FHEKE B 0 3 1991 £ £ < 3% 600 k&
4 (R E 0 1991) 0 p 1992 3 1994 & > 44 2 b fFcrk R TR 0 A
BB for PRI R A HRAEHGeH 10 FERI PO L R
FRERE s BAARE XIRBREAEENAZ A PR R
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POABTAATE Y A AR B ETAECT L EDRERE L B
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213 A2 U2 BRI HEHEN Zs&ﬁfl 11 (2004 ~ 2009 ~ 201314 2 2018 # ) »

Ba it Hix 2004 2009 2013 2018
Sum of all consumption t/Km?year 157.9 2275 150.7 319.1
Total system throughput t/Km?/year 4607.0 2181.4 1899.0 2145.8
Sum of all production t/Km?year 2226.0 977.8 877.1 917.5
Calculated total net primary production  t/Km2/year 2208.9 956.1 862.9 886.1
Total primary production/total respiration 30.4 11.3 15.9 7.6
Connectance Index 0.35 0.35 0.31 0.31
System Omnivory Index 0.09 0.07 0.09 0.08
Shannon diversity index 0.82 0.78 1.13
% of total
Finn's cycling index 1.13 3.80 2.59 5.32
throughput
O/C (Overhead/Capacity) % 0.50 0.57 0.48 0.61
B
Sum of all consumption t/Km?year 176.9 72.0 1314 281.5
Total system throughput t/Km?/year 3224.0 610.7 1477.4 1785.9
Sum of all production t/Km?/year 1534.0 2719 679.9 767.3
Calculated total net primary production  t/Km?year 1516.0 265.0 667.2 740.8
Total primary production/total respiration 17.0 9.7 13.0 6.7
Connectance Index 0.40 0.29 0.28 0.31
System Omnivory Index 0.05 0.07 0.14 0.11
Shannon diversity index 0.87 0.71 1.24
% of total
Finn's cycling index 1.64 3.87 2.44 4.25
throughput
O/C (Overhead/Capacity) % 0.50 0.58 0.50 0.61

(FRXR: 2253 F)
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i lda = FPELALF 2 BRFEPRARAAT HE -

ITHR S £ Pl
B 4R P R B W 4R B R I AR ¥R E
PREE T 5.7 ~8.2cms 24 hr 35 cms (small) 0.9 ~13.6 cms
200 cms (large)
i 600 NTU 10 hr 100 NTU < (small) 5 days 30 NTU
1000 NTU < (large)
KR NO2+NO3z" /! 1 week <1 ppm
NH4* < 20 ppb
e g -4.6 esi * -1.5 esi (7 days)  -3.9 esi (small) ~ 1 month 30 mg m 30 % **
-10.0 esi (large)
8- 32 N 2.5 month N\ (small) 2.5month 1000 insects m2  >75 %'
N\ (large) 3 month
grep -3.8 esi -3.0 esi(7days) -1.2 esi(small)
-3.9 esi(large)
BFEF P -3.9 esi -2.6 esi(7days) -0.6 esi(small
-2.7 esi(large)
B2 p -1.6 esi -0.8 esi(7days) -1.1 esi(small)
-3.0 esi(large)
Wiz -2.2 esi -1.5 esi(7days) -1.1 esi(small)
-2.2 esi(large)
Lizp -1.5 esi -0.4 esi(7days) -0.6 esi(small)
-2.8 esi (large)
R - N\ N 4.7 individual m*
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* esi (effect size index): IN(2 4 B ()2 B (3 ) EE4r | N4 2T AP PARL > %¥ 4 $ £ 5548 5 (McMullen and Lytle 2012)

** Chl b/(Chl b+Chl c)
LIIR+K): 15 s P el K5 BHD ~iiep N2 £3mp B8
(FR %R : 2T FAR)
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a. Site #4, year of 2009

b.Site #4, year of 2012

777.4 1(P) | 96.3 ] 8.1 1] 0.7 v 2157.0 | 1(P) |288.1 I 24.6 m 1.0 \Y
’ | 38% [— | 5.6% [ 7| 1.6% | 4.6% | 1.0% [ 1.6% |
1181/ —— L - 2455/ L AL L
681.1 e i ol 1868.0 383.5 53.8 0.4
I (D) 53.7 4.5 0.2 (D) 125.7 42.6 0.2
739.5 2037.0
c.Site #4, year of 2013 d. Site #4 year of 2018
609.6 | 1(P) | 70.7 I 7.3 1] 0.5 v 886.1 | 1(P) |140.2 I 14.7 1] 0.6 v
_— | 5.2% [ | 46% [— | 09% |_ 5.0% | 2.7% |— 0.1% | —
Yy un L s 1554 /1 == L L
538.8 = = = 745.9
100.0 6.3 0.3 104.0 12.9 0.4
1 (D) 32.0 44 0.2 o) | 177.0 9.3 0.2
575.6 776.9

W 1-10 @& 4 £ ;pl=k(#4) Lindeman spine @ - a. 2009 # ; b. 2012 # ;c. 2013 # ;d. 2018 # - HF* » L Eind > v o F 5V
AN Ed B2 é“,s"f(P)."l Rk (D)n ko 50 %8 i Ealp ke Gk o« (FHRRA: 2P L)
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a.Site #5, year of 2009

b. Site #5, year of 2012
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250.0
c. Site #5, year of 2013
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a. site #4, year of 2013

i 2 3 45 6 7 8 9 10 11 12 13 14

Impacted group /

—— —

—_— ———ir—

b. site #4, year of 2018

[ Positive
I Negative
Impacting group

. Cinclus pallasii

. Oncorhynchus masou formosanum

. Oncorhynchus masou formosanum (Juvenile)
Onychostoma barbatulum
Onychostoma barbatulum (Juvenile)
Al-predator

. Al-Collector-gatherers

. Al-Collector-filterers

. Al-Scrapers

10. Al-shredder

11. Grazer

12. Phytoplankton

13. Periphyton

14. Detritus

CONOOAWN

. Cinclus pallasii

. Oncorhynchus masou formosanum

. Oncorhynchus masou formosanum (Juvenile)
. Onychostoma barbatulum

. Onychostoma barbatulum (Juvenile)

. Al-predator

. Al-Collector-gatherers

. Al-Collector-filterers
. Al-Scrapers

10. Al-shredder

11. Grazer

12. Phytoplankton
— 13. Periphyton

L — L 14. Detritus

W 1-12 i SRt 554 ¥ % 7% - a. 2013 & 5 b. 2018 & - BcF B B8 4 : 1.

PEL2 RARTTHA 3 AR EA(PA), 4 FEHA. S EREH (¥

A),6kBEAFSE T kRAHHE, 8 KBRALIRSE. 9. kREAIIGE,

10-k 5 AR, 11 2ok g ¥ fad it 12, 05, 13, W2 5, 14 BA -
(FHR R : 2213 F)
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—r—— —1  —
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a. site #5, year of 2013 [ Positive

Impacted group / I Negative
Impacting group
1 2 3 45 6 7 8 9 10 11 12 13 14

. Cinclus pallasii

. Oncorhynchus masou formosanum

. Oncorhynchus masou formosanum (Juvenile)
. Onychostoma barbatulum

. Onychostoma barbatulum (Juvenile)
. Al-predator

. Al-Collector-gatherers

. Al-Collector-filterers

. Al-Scrapers

10. Al-shredder

11. Grazer

12. Phytoplankton

— 13. Periphyton
— 14. Detritus

OO ~NOOUHAWN -

. Cinclus pallasii
. Oncorhynchus masou formosanum

. Oncorhynchus masou formosanum (Juvenile)
. Onychostoma barbatulum

Onychostoma barbatulum (Juvenile)

. Al-predator

. Al-Collector-gatherers

. Al-Collector-filterers

. Al-Scrapers

10. Al-shredder

11. Grazer

12. Phytoplankton

— — 13. Periphyton

o 14. Detritus

W 1-13 SAspl=b2 FE K9 2 2013 & ; b. 2018 # - EF MBA WA L

P42 RRRITHA S FBRITHER(MR) 4 FREHA S FREF (S

&), 6 -kEADBFSH, 7 kBREJREF, 8 KREAREH, O KREAHIGH,

100k R AR, 11 2ok & 4 fofed 12 5000, 13, 42 47, 14. Ak -
(FRXR: 2253 F)
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mEmm site #4, 2013 == site #4, 2018

Relative
total impact

-25-20-15-1.0-05 00 05 00 -05-1.0-1.5-20-25
Keystone index #1 Keystone index #1
mE site #5, 2013 =N site #5, 2018

-3.5 -2I.8 -2I.1 -1I.4 -OI.7 010 0i7 010 -0I.7 -1I.4 -2I.1 -2I.8 -3.5
Keystone index #1 Keystone index #1

B 1-14 B o RIzE( B2 AT R)M&EF L Eka /BT S WY Hgey
e AR R AP AR AR ES R EFHREANAR L RS, 2 £ R
gk, 3. FARTHA(% A), 4 FAPEH A, D FPEEA(RA) 6kBEA
FoF 7 KEAAREY 8 KREAKRSH, O KiEh A6 F, 10kik5 AR
F, 11 ek h g E B 12, 5N, 13 w2 F

(FR LR : :7F#F)
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ABSTRACT

The Formosan landlocked salmon (Oncorhynchus masou formosanus) is
an endangered endemic species, which is distributed only in the basin of the
Chichiawan Stream of central Taiwan. The basin has been assigned as a
wildlife protection area and wetland of national importance. In order to
understand ecological processes and controlling factors, long-term ecological
research in the Wulin area (WLTER) was initiated in 2005. Major biological
communities and environmental factors were routinely monitored at the
permanent sites in the basin. Periphyton which is the most critical primary
producers in the streams is the main target of this subproject. The objective of
the integrated project this year is to examine the long-term effects (7 years) of
removal of the first dam of Chichiawan Stream on trophic structure and
functioning by monitoring changes in periphyton through the Formosan salmon
and birds before and after dam removal.

In total, there were 9 study sites. One of them were located in the
Luoyewei Stream and the periphyton was annually monitored only in July.
Periphyton at other sites were monitored in February, April, July and October,
including the Taoshan West Stream, the second dam, Fish observation desk,
the upstream of the first dam, the downstream of the first dam, Breeding center,
the Gaoshan Stream and the Yousheng Stream. Periphyton biomass and
community structure were monitored at different habitats at each site.

Our results were compared with the same period (February, April, July and
October) between years of 2011 and 2018. Compared with February and April
of 2011, the results of 2018 showed that periphyton biomass increased at
sites#4~#12 and #13, which suggested that open canopy cover would increase

periphyton biomass by increasing irradiance. The composition of periphyton

2-3
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showed that the improvement of habitat could increase the current velocity and
reduce the biomass of green algae. On the other hand, diatom could adapt to
high velocity showing high resilience.

However, in 2018, compared with the same period in 2011 (July and
October), the occurrence of typhoon was less, the precipitation was less and
the current velocity reduced. These events resulted in increased algal biomass.
The increased algae were mainly green algae, which may degrade the water
quality after decomposition.

In summary, long-term alteration of stream habitat was the driving force to

affect the temporal and spatial dynamic of periphyton in Chichiawan Stream.
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PEANEBE B S LT M 5 5 BTAF o H R B LS B
TR T B0 2 (0 ie A MR B e T S0 T BIEIB G 4 9 5 16~25 em? et
B B G 7]% s PLE BRIk R EER IR IR BT 2 J?t:/x’%?‘fg;fﬁ o Fx s B-fR B T e

THE R ARG MRERRL R BRI A v RFEFA T

F_L
bt
A
fk

L

B B8RS > B 510 ml (GRIE & A B R T s )RR
g I s A (Whatman > GF/F - Germany)ig 74 f g 0 T 2 90%p ik i3 iR & (7
EHZ 5P 0 IPRAREELTEA4Crhkfa? > BERRE 24 pp s LR
3 (HITACHI > U-2001)p 2 & %% a~b £ c k& » Kk Tk £ 5 630 nm ~ 647 nm ~ 664
nm > 750 nm o etk AR L RIB R G f > TR B A RE G AL E o 25
(Jeffrey and Humphrey 1975)4- ™ :

[Chla] =11.85x E664 —1.54 x E647 - 0.08 x E630

[Chlb] =-5.43 x E664 + 21.03 x E647 - 2.66 x E630

[Chl cl+c2] =-1.67 x E664 — 7.6 x E647 + 24.53 x E630

[Chla]=¥%% ak®k » =% uygml?t

[Chib]=f£ %% b)kr > =5 pgml?t

[Chicl+c2] =¥ %% ck A » H =% uygml?

E664 = £ 664 nmexkiE - & 750 nm =%k i@

E647 = A& 647 nmkE - £ E 750 nm =k B

E630= /A & 630 nm =k iE - A& 750 nm =k &
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BT B T T log(X+ 1) 7 TR EH - & TP E W B AT HERSHTR
1 SAS 9.4 it {74 F]F % 3 A 47 (two-way ANOVA) A +5 (Bl = © 8 B iplak s BFRF 12945
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BEFTER i foipilc AR TIEETLE ST R
AR(22-1; 4222 KRE-¥TR -BFpHELT S 2PFI iTr 5 &
FAR(R 2:2) o Felid JE~ 25N~ - BT MR B LIERIEG RE DX
EFCR o A T 0 TR RIE A ST Y e gc R G T EARE > 5110 0 RIF
AR AP FRBEFER AT EEREF LI JHEFLE G RAESNAE

FEber plbficEy 5 0o

(=) FerHiRgirips R

#2013 & w0 - RFER G RFASFEOBE AR ¥ S MR AT BE
P k(R 2-3 > #9) » e 4 2018 & § S5 LRk enisg 4 B ot P R ERE
ARFTH 8 P HhI G ] S ki o 52 2R 2018 £ e h B A E
R LA BFEREL PRI ERFE N 2018 2 F R F
M I AIERE T PR (H13) 5 AdTHE (2011 E)P|sb#13 4 B NRiE M 4 S
¥ %% (B 2-3 #13) > v FA74E 15 7] 2013 £ » PIH#I3 chiEsa s £ % E IR
Mk g 0 B3] 2018 Ew ¥ MR F E R AT PIE KBt R o BA S (#D)
%2011 # 12 7 % 2013 &£ 2 % S 4 H £ 3% 0% 5 300 mg Chlam2(F)
2-3) 0 fe PEEP R SR HE(#H5)Y DB A SR B o RS 2 2018 £ AR R
RHAFEOFERFLIFEA R FEYIFERE IR -

'?:“'4\2018&””%:#‘—/%5“3%’%(%] 2-4)> = P F LG ERE S F R R

ad

TORATZ PR G ORI R w0 BARWE R RIs#A S HO S #12 1

% #13 ‘E‘_iﬁ"\t]"ﬁéﬁlﬁv\_h‘l*ﬂ&ﬁf}_m'f“ i\%i"—:”ll&——'-” ir—g
Kf TPl ERH12 1 & #13 4 5B L T AR el > HAppsE ] L AR E

P=3 L‘fiﬂ v o
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4545 (2006 # 3] 2011 # 4 7 )~ 35% 15 (2011 & 6 * 3| 2013 E)friT

67 #2018 #)= BREE > BT L HREBEE % E a kR (B 2-5) - BY A d
FHALZBHEEAFETIOEHE AT L RIAIS WA H5 L H R F 0T
B E o BRIy Mt T I0E R o ATHR S 0 T G R PRR R (#12) 2
AT PRl (ML) AT A R BT > B AR AT S L S R 4
PABE o B P LR s HA 1L 2 HO B e B (W] 2-5) 0 b fh o R[EE#12 frip| b #13 B
2018 & #Tp|EDERAF A EEH B RPN E o A R EH#) RSB
HERF S Rl 22018 £kt 8 E A ETBEFRN
BEREEFEWY TS BRIEEGL L OB EIR(F] 2-6) 0 RAE A

PREEA PR PG AR EAHETE BRI SRR B

R

Ao e A S E PR b o AT AR E R A RS AR LT 0 R AEAR H L
A RS o AATHET o PIEH#I2 A HIB HFH AP R EE 2 2R 5 dt
HFiew U R T ES Bk A S 8 F 1V ARRER Brip 02 o

()42 FHERES R
2018 # % i} Bh 5 4 o FHA B

1“‘\‘-'3

BB OBEESE (b)) E¥E b
St Bl VOB R ehd Y A E S b(SE) S ESEF (P F) S L (F
2-7) o 1+ $2.2010 ¥ 2013 & B 22 £ £ 2018 e TioE % E bt b LR AT

2018 # g A B Y A SRR § o PRI E R B ATE 30%RE T W U
g4 2010 # 3] 2013 # F B L plsk > ¥ F bt B § 7 428 30% » 2018
ER R4 A H5 S F b 1400 3007 o B kiplsk f A28 o AR 2-8
MER - REPEEFIES R D Bk E AR TS Lo Bor o AR D

BB & EDLFE ¢ LA
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t 2011 & § # e eh
A% 0 .75 2010 # 3 2011 # @i Beh A A AEREE A e P F A
BoKEE A hR F(FrE et £ 5 2012) 0 2018 £ EAE A B A iRl b#4 S #12
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%’l’l [{‘:E‘T,‘, ’ E%{.’@\J_'E’m:,,:

¥
1%
<
=
P
E\
44
e
%‘%,
AN
e
at
W
f&
F
Tk
5y
|
—?—
[rel
=
N

B
bR EFERKPRRRET A R M i 3R

>S4

(Fh%er % 2013) - 362 § MUEIR 22 B AT BEL YR PFE 40

AR e R R HE RS2 R TR L LM B T
& ¥ E 7] (Steinman and Mclintire 1990 ¢ Tsai et al. 2014) - £ & € j7 #
k3 (Elwha dam)irfib)+ ¢ > 73z £ B mR T FFREL B A 1R 5%
B4 LER E-K oS BT R AT A AR M€ BB ohdr i (Peters et al. 2017) -

Flinders and Hart (2009)#7:& % ¢4 1 /7 9 %%+ > % ni x> 1.0mst

EEFH IR FE o KA il BRE B e S BB TY o
TR 3 P FIE B enge S R (% S PR A E D T 2R T 22 4R

Boo T hApB R g L B o B AR R B HRER LS LR T T 5
e i»(Horner et al. 1990, Uehlinger 1991, Biggs 1996, Francoeur and Biggs

2006) - Biggs and Thomsen (1995) %7 5 » 7 ik &7 L5msipd 3 it =
}_ﬁ%*‘f Bk FIFOTAT L hiIimre o F]YL o AR R BRI E S AR
PR ZRE 0 R G RF(R 2-1 § R)ERGRIRT > HRA LRI G RE D

e

BAE 2 Ao

WAL FR 2012 £ BATIF L BRI OTE S RiARS - REPE¥F a
ERARIT > EFL 67 28 Bh S kiMa kEFL P EAZ A ERFA(H
F e+ % 2013) - Uehlingeretal. (2003) % sp > 2 -k F 2 ¢ M EHA H £ o 2

Aw igms Ak ERA L RS ML AR ERLBRL g P
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CEE R S Iah
£ 2-1 = FAEHERR TS T35 (mean) s R F £ (std) -
B THER BE pH R KiFE ik R AGA* B
(°C) (uS/cm) (mg/L) (NTU) (m) (m/s) (%) (Fr)
Bz 7 > meanstd meanstd meanstd meanstd meanstd meanstd meanstd mean std mean std
Feld E 6.1 0.00 154 0.17 84 0.03 75 0.01 O 0 0.37 0.000.59 0.1157.7 2.16 0.31 0.06
(#2) 4 108 0.02 187 0.49 10.1 0.00 66 0.01 O 0 0.24 0.020.31 0.0728.3 5.42 0.21 0.06
14.0 0.00 161 0.17 10.7 0.04 84 0.00 0 0 0.32 0.020.57 0.1039.3 3.14 0.31 0.05
10 12,5 0.02 170 0.03 85 0.02 74 0.02 O 0 0.32 0.020.52 0.1049.2 4.66 0.30 0.06
- %3 2 85 000 203 000 83 0.08 7.7 0.00 0.1 0.08 0.28 0.040.63 0.1658.6 0.82 0.38 0.10
(#3) 4 119 0.00 233 0.17 9.8 0.00 66 0.00 0.1 0.08 0.36 0.070.61 0.0913.8 1.63 0.36 0.08
7 15.2 0.00 199 0.00 105 0.02 86 0.00 0 0 0.36 0.020.36 0.0543.8 0.35 0.19 0.03
10 14.3 0.00 228 0.00 82 0.00 75 0.03 0.1 0.08 0.33 0.020.84 0.0758.3 3.03 0.48 0.05
BA L 89 0.01 212 022 83 014 77 0.00 O 0 0.39 0.000.57 0.1319.9 0.76 0.29 0.07
(#4) 4 134 0.00 241 0.34 9.1 0.00 6.7 0.00 0.08 0.05 0.33 0.030.71 0.1844 0.12 0.42 0.12
15,5 0.00 207 0.21 96 0.04 82 0.00 0 0 0.24 0.020.58 0.104.4 0.93 0.40 0.09
10 13.0 0.02 241 022 85 0.02 74 002 O 0 0.29 0.050.90 0.1112.9 1.92 0.58 0.10
- B 85 014 216 022 81 0.10 7.7 001 O 0 0.28 0.030.88 0.0531.3 2.10 0.56 0.06
(#12) 4 142 0.00 247 0.21 101 0.00 6.9 0.01 O 0 0.33 0.020.62 0.0855 0.35 0.34 0.03
16.6 0.01 215 0.17 94 0.03 79 001 O 0 0.25 0.020.42 0.047.9 0.41 0.27 0.02
10 135 0.02 243 000 84 002 77 001 O 0 0.23 0.020.70 0.1019.5 2.80 0.46 0.05
i 87 0.00 217 0.22 81 0.07 77 003 O 0 0.40 0.000.66 0.0860.4 3.03 0.33 0.04
(#13) 4 142 0.00 248 0.21 10.3 0.00 6.9 0.00 O 0 0.39 0.010.58 0.046.6 157 0.30 0.02
16.7 0.00 216 0.00 89 0.04 7.7 001 O 0 0.47 0.030.98 0.2134.1 1.16 0.47 0.11
10 14.8 0.00 243 0.00 81 0.00 78 0.00 O 0 0.41 0.040.67 0.0538.0 3.26 0.35 0.05
®L0% 2 58 0.00 183 0.67 87 0.06 7.7 0.02 0 0 0.35 0.030.93 0.0570.7 2.15 0.50 0.01
(#8) 4 126 0.01 209 0.26 95 0.14 68 001 O 0 0.30 0.010.72 0.0867.7 1.98 0.42 0.04
7 155 0.00 194 0.17 79 000 7.2 0.01 O 0 0.31 0.020.68 0.0476.0 4.31 0.39 0.03
10 12.7 0.00 188 0.29 85 0.00 73 001 O 0 0.25 0.020.66 0.0681.4 3.79 0.42 0.04
p Rk 72 001 204 054 84 010 76 0.02 O 0 0.34 0.021.18 0.2262.1 2.74 0.65 0.13
(#5) 4 133 0.00 232 033 94 0.16 69 001 O 0 0.35 0.030.90 0.13285 7.28 0.51 0.09
159 0.01 206 042 97 0.03 82 001 O 0 0.33 0.020.83 0.0430.9 4.02 0.46 0.02
10 135 0.00 218 179 83 001 79 001 O 0 0.39 0.010.90 0.0431.6 2.74 0.46 0.02
3 OBE 6.9 001 288 0.17 87 0.01 78 0.00 0 0 0.24 0.020.42 0.0638.3 1.40 0.27 0.03
(#9) 4 164 001 332 037 88 0.18 70 001 O 0 0.25 0.020.57 0.0731.4 0.17 0.38 0.06
19.3 0.00 334 0.33 10.3 0.02 81 0.01 O 0 0.21 0.010.45 0.1439.8 1.75 0.32 0.10
10 14.6 0.02 272 0.00 82 0.04 80 0.00 1.23 0.04 0.22 0.010.68 0.0428.1 0.23 0.47 0.02
(FH KR 27T F)
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# 22 - FAERBRT]F > a3 PRIHRE2FLIE AR HABE -~ #12 -
B #13 - BT A HS B C#8 B L EAHOF )R Y (24T
10 3 )¢ F] 5 R BEAH > p<005 4 FBELE -

Source of Variation DF SS MS F P
R 7 4.68 0.67 6519.3  <0.001
£ & (°C) KR 3 46.24 15.41 150404.0 <0.001
Bl x 2 i 21 2.91 0.14 1353.6  <0.001
R 7 324.72  46.39 43085.1 <0.001
T R US/lm) * i» 3 33.48 11.16 10364.3 <0.001
Blxb x 2 i 21 20.64 0.98 912.6 <0.001
R 7 0.25 0.04 48.8 <0.001
% % (mg/L) i 3 2.31 0.77 1050.9 <0.001
Rl x 2 i 21 1.21 0.06 78.6 <0.001
R 7 0.11 0.02 440.5 <0.001
pH i 3 1.42 0.47 13450.7 <0.001
Rl X2 i 21 0.33 0.02 443.6 <0.001
R 7 1.62 0.23 23.7 <0.001
A R (NTU) i 3 0.77 0.26 26.1 <0.001
Rl X2 i 21 5.10 0.24 24.9 <0.001
R 7 0.86 0.12 13.3 <0.001
& (m) ir 3 0.01 0.00 0.4 0.782
Rl X2 i 21 0.21 0.01 1.1 0.369
R 7 3.25 0.47 14.4 <0.001
i (m/s) ir 3 0.21 0.07 2.1 0.096
Rl X2 i 21 0.99 0.05 1.5 0.098
R 7 1.95 0.28 12.1 <0.001
Am it B (Fr) ir 3 0.13 0.04 1.9 0.124
Rl x 2 i 21 0.58 0.03 1.2 0.246
B 7 494.05 70.58 161.5 <0.001
i jr & (%) ir 3 174.19  58.06 132.9 <0.001
Bz x 3 21 101.59 4.84 11.1 <0.001

(FH %R : 2FL3H)
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Abstract

1. Research Purpose: To understand the transition of channel morphology after dam
removals in Chichiawan Creek along with the fundamental information of Yusheng
Creek, this project implemented longitude and cross sections survey and habitat
composition analysis at the observation sites.

2. Method and Process: This project applied the same survey and analysis methods
used in past several years.

3. Major Findings: Based on the this year’s investigations applied at February, June, and
October, both the channels of Chichiawan Creek and Yusheng Creek had not
experienced significant change but minor deposit or scour locally in the first two
surveys. However, the typhoons in August and September brought large rainfall in
the observation sites and produced relative obvious changes in channel morphology,
substrate composition, and physical habitat composition. The original dry channel of

400 meters long has temporarily shortened into 370 meters.

Keywords: The Formosan salmon, Chi-Chia-Wan Creek, Yu-sheng Creek, Hehuan

River, Dam Removal, Channel Morphology Change, Habitat Composition.
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ABSTRACT

The Formosan landlocked salmon (Oncorhynchus masou formosanus), an
endangered species, had ever widely spread over the upper branches of stream
Da-Chia in the 1940s. However, the endangered salmon only naturally inhabit in Stream
Chi-Chia-Wan, Stream Kao-Shan, Stream Tao-Shan-Shi, and Stream Tao-Shan-Pei for
the latest decades. Since 2009, the bureau of Shei-Pa National Park has dedicated to
restore the salmon and release the cultivated breeds in several historic rivers. Stream
Lo-Yeh-Wei is the most successful restoration place, on which the salmon could naturally
reproduce and even downwards distribute to Stream Yu-Shan. Moreover, the Dam # 1 in
Stream Chi-Chia-Wan had been amended in May 2011 for increasing the habitat area of
salmon and gene exchange among salmon. This project aimed to (a) investigate the
effect of dam amendment in Stream Chi-Chia-Wan on water quality, (b) monitor the
water quality in Stream Lo-Yeh-Wel, and (c) evaluate the water quality of potential site for
juvenile salmon releasing.

The study results imply that most of the water quality in these streams is good
enough, but the nutrients and conductivity of the sampling site near the agricultural farms
are higher than the criteria for salmon.

In light of this study, several suggestions were proposed: (a) in the short term, the
monitoring of water quality is necessary because the agricultural activity is still in
progress, (b) in the long term, the removal of nutrients from the water of agricultural
discharge could be effectively achieved by the land-use and travel recreation
management, and additionally, the automatic monitoring of water quality are also

recommended.

Key words: The Formosan salmon; Stream Da-Chia, Stream Chi-Chia-Wan, Stream

Ko-Shan, Stream Lo-Yeh-Wei, water quality monitoring.
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I3 AT RSB AR RN AT R G Y Y o F
P AR AR AR R (E75~90% ) AR N dRE o A RRA R IR S
%R o

XSRS S Ry R STl DR AL AL

13}15«

{

<

ApERREFFIRELG  F I ARG REPREARE AF F S
%4%’%Wii£*g%%avﬁmﬁﬁﬁyﬁ%im%o

BEMEEL B n\%ﬁd EoRIEr FE o A RN € 3 Y R AR T
BfEN I ERA 2 BRI R g I o 2 8 R AE R T BT e
Sherpley(Sherpley, 1995)4 3+ % i&ik-k ¥ Eﬁ”&ﬁﬂi}é&iﬁfri B BHDE G R

F&g]’f"ﬁ_ﬁ’f["%iz; i: Ej}gﬂ#ﬁ’é*\??ﬁgfﬁ&o

AP AR E A B ZTRERNE BB F oL SR Y

’F‘m’\* r‘ﬁ)’f" y FRE ‘I’%Hl’ﬁk% ‘;’h’l/g_i*; fr)[‘ﬁ@ ™ o 5’-\»"5"} Ilj:,\.':"-i—,\{,’% °

2 g RSO A b AR E f 0 A B AR AR e G B

S B R RN AR RY L BE o SRR T A A I FaER S RS

T ECAR

49

B SRIRT A AV IAMAE 3 T IARES X 0 V3 AR e e £ 4T

CEE B A PR R MR TG kiR o B Flikgk e a4
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FHERELEE TR

R ZE R R R S C e R S Y e 2 St F AL S e L
BpcA peng VIR AL GRS S F CRFDIEERZ op s E
2P AT AR A ST R AR A fHE T
6. kAl A HEoK H R
iR o mika® KB EAMFELELE 22 & R T REE RFJIZK e 2 |

E’&%”ﬁﬁﬁﬁm%%@AA%ﬁ{B:AmpééFﬁ%«*%*gﬁﬁy

FRARAL S ET N L - PE RIRETR P ALY ’F’Ff’ﬁ*%i@ﬁ s HHE b R
**«%o@%%ﬁ%inu%a«§%1¢@ﬁ;g%¢§@55%¢1¢%
Fo S BEARARFI00mML? FAE- FB 0 & F (NHeN) 7 #F4gElmg/L > i+ ¥
758 (COD) # #4125 mg/lL » &% #s (TOC) 4 mg/L » 152 & 4c( % 4-3)
ST e P UM G R AR TORMITE B kKA G A p k2 kiR o Bk AT R
FEAPE TE G KM ARE RFIRE | ¢ AR LY T T2 KA SRS B
KPR REL DR B AR R TRE BRI ¢ FHAER (pH) B
FE2 (DO)~2it%5 & (BODs)  RFHM (SS) ~HF#HFF %5 F (NHs-N)-~
Bk (TP) 238 P > de(£4-3)%77F -

=R
+t
4m

)

i
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FE AR e A3 A R M B PR RIEI 0 F LT S B LIE %
E S RBE S LR LR R EORE - BE RS & EE o HFIREP M 8 4w Fl4-4 - R
4-5-~F4-6~ B4-7 - Fl4-8- H A dps RRFLITIVRFAP FpH-3F - ETREK
ERr TP FREROID SR CHERBE ~LAERPT 55 IHRP - F
R R A R BEL BAIED o AR B 2B RS R N e(R
4-4)47 57 o
(-)HEP AL
B B AR BN P LT L F LR R S RAE S e R
KRB E R X B20@RIAE > A8 5 T RLEE (#2) 5 (#3) A+ (#4)-
Do (#5)~ B Lk (#8)~ F % (#9)~ — BL4E 1 25 (#12)~ — BL55 T 25 (#13) -
Qi (4Rl ) B3 kE (3Rl ) B 2R % in gl (#201) & # % Lo (#202)
shok (#203)~ F 2L 25 (#204)~ & ikt 5 (#303) > r1 2 FIRFY LR R Pr ik
Bl 2o ATHEBI AR D R LR F R AT s LA ERIL T o AR BRI 3 T8 R R 4e( £ 4-5) .
(=) kFAH3 2
BRERREFT &SI ZERBEEKRERTOL LR  F 2 F b A
¢z * HACH Method 81864 +7 ~ I3+ Jr o 7% 1£%[# * HACH Method 80284 45 -
1.pH:
Fl* R T2 24 TR R TR VAR EAREI AN AT 4
F kR dpd (pH) #7722 - pHZ RIZF & * $fEpHB R £ 712 pHA - (HACH
sensionl) & - £ Rz kfk2 pH e
2. KT R
ETRLBT AL oM B f o £l omz e gk ¥l
mho/cm > # ¢ & # ) B H10°810°4 7 » 2z 5 mmho/cm& pmho/cm - #§ & 2

PlEZEEBEETRARLARD T A (HACHsension5) 4 » £ Bl 2 k2
3.%3%

fl* % % pleokik? 5% & (YSIS500A) -

G RE T b ok R R R B R M RO R a1

ok 2 (WTW TURB350IR) -
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F R
poi

S. ﬁ
RSB > M RERORAR RIFEEEART EARRAS L ST 2
Msdr > 124 %k B 3+ (HACH DR/2010) »+815 nmit & gkl ek & a 8-k ¥ # ik
BER o
6. Pt §
Kt P 2B AT 3T K 47k (DIONEX ICS-1500) 4 47 » KA fadh 2 Bk
TG RR IS - kP2 3 LR 47 B (DIONEX AS22 4mm) > T F1H &2 i1 %
B2 kA H T LM FEAc 2 AR AR FRABRRART LG
- BEFEOBREIIEM IR AR ERE S LT RBLIAE BRI
RRlER S MET R R SRS FRABRARIE ST ERGRE T
FHRFTERZ ARG B RSREBRAS ML TR o .ﬁ‘i%gifrﬁﬂ'ﬁfrﬁﬁi}é}i‘ﬁfﬁ
ik A B4.437 LB F kR o
(O3 5
Ariegok Y TAEHAPH201252 iEE T o2 F L E A AR inE Ao
g g it s N-1-8E e Fo MR- BRBRE SR I By EP o ek
S A543 nm gl ek B A B2 0 I UL HEBEE 2 kR L7 2 (Perkin
Elmer UV/VIS Spectrometer Lambda 16 ) -
8. % ¥
KRR E BB EZRAFEPHEL 9.5 4v » 3 3 F&E > K RHT UK
BRSO E DR RS B EA 4 0 104 Kk R 0640 nmuk £ AR H ek R A
7_§ 2. (Perkin Elmer UV/VIS Spectrometer Lambda 16 ) -
9. I Bifk
KRG RST 0 4 » PR S RS RE ST HIE BT 2 4
fe-misppe S FPERRIEIAESFME > s kR R E8B0NM Rl H
sk B 2 ¥ 2. (Perkin ElImer UV/VIS Spectrometer Lambda 16 ) -
10. Frjic B
Kt P 2 e WA 3T & 47k (DIONEX ICS-1500) 4 17 » SEad fadh 2 At
FLd ghimikipinig— P2 35 LA 474 P& (DIONEXAS22 4mm) » # F1H & i
PEZBEPIERIIBEHITRc 2 A R a ks MRS FRME RS TE
ME- BF RS AP EY A RER S EFETARLIE B
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g KRR
ARG R R S MET R SR FRAMRBYES L ET R R

BTV RAFGETZ Ao - BRI BRAES LR TR o

R

k¢ 2 & #F w3+ K 47k (DIONEX ICS-1500) 4 47 » “Eaifk4h % Bk &
Ghiniki g - kP2 B Lk 47 F 5 (DIONEXAS224mm) > 518 &2 i3 £
2 G HR IS AT LA R oS 2 A A A Y o A Y FRlE T g
FEOBRET LM 2 A MBS EFETRBZE  BEARIAR
Pligde S METRZ AR  CEESZ FRLEBEF LTSI EHEREAGRE > TP & d
FEPREEE ARG FRARERART MR TR -
m»ﬁ P

KERE T 443 095~100 °C anif v & B o 4 ~iEF EARALEIA R 0 KR

<

ﬂﬁﬁﬁmﬁiﬂﬁﬁﬁ:iﬂm’%Wﬁiﬁ%%%”?&ﬁli“ﬁ%iﬁﬁ
2 frit 2 b s (NDIR) 4 47 ik » Rk Bk #i5 2 (O-l Analytical 1010) » Fi8
B BRTER -
13. g3 B oo B
KA 2 ke HABS(R 4t A XA M)A LAS(E ATRBR) B LA B LR
X R T HFEAS FEBT Y FP > A kk R (HACHDR3900) *+ 605 nm
BE BT AT o

Rl
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= RPIEIN G AR A T ROTE S LY SOTE IR Tk (7 0 OBE (S U
27~8" BRernfeh B EHFR FRFAY594£#2-4-6-8-10~12"7 ;95#2-4
6-~8-~10~12" ;96#2-4-6-8~10~12" ;97#1~4~7~10" ;98&2 4~
6-8-~10" ;99#2-4-6-8-10-~12" ;100%#2-4-6-8-~9~10~12" ;101
#£#2~3-4-6-8-~10-12" ;102#1-2~4-6-8~10" ;103#2-6-~10" ;104
#£2-6-~10" ;105#2-4-~6-10" ;106#2-4-6-~10" ;107%#2-~4~7~10
TETI By AR R S AERSFRIRZRE B F ~ERT A pHe BIEP > 1 E F
SHEREZAR CMRA AR LT ARAF A F I AARD aRBF @
B PBREL BIP > 107TER2 47~ 107 2 A 45 Hchhdo(F 4-6) I (4 4-9) %77

P ZHR PSR RS - FET Y REF- BUSHcL 1AE AR
fe b ML P R AL OB KT REER AR L SR TR R
FHEE? 0 EFHORTERE S 0B4-223 Bl4-34%77 o

Lok 2 B RITRORE P T 52 R RIS % 4o B14-351 Bl4-47 %77 081w
Jo o F g MO0 & 127 KRR AT 0 3% RO FE RS % - B14-481 Bl4-60%77 o B E
B2 KR RS % 4-Bl4-613 B4-T340 7 o
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B D TS B ARG R (H2) 2 5 (H3) AL (#4) A H (#5) -
Bl (#8)~ 3 %% (#9)~ - 5L 5 (#12)~ - 5T 75 (#13) 27k
FEp > A% 4oBl4-9% B4-21%F 7 o

PHE /1 %:6.5~8.5/ g 47 4 & 4 &4 > b R ERapHE 4 316.3~8.4F & ¢
(ENEE SR o IR R ﬁ%*£¢wm*ﬁﬁ4ﬂﬁﬂw\pHﬁ%$’ﬂ%MQim4
AT MK E A i#@ﬁ°

T RAF KPP PIFIZE2 7% A BRE-kY 2 RIER A A120~450
pumho/emz BF (M3~ =, 1998) o #Hr# % & %7 & @ £103~356 ymho/cmz & »
Pold EB g Liim kot STREPBFRAEE FER? B - REEY HE
THEFHEFREERFOM G T REPRERE J PTPHERPIELE L HES
Fokd ETR o B2 FERLY

b
A
3

B Rigmirg 2B e Y RENI RS €8
o ORIEZETRERS -

KRR BRI A k0 LTS (2, 1998) § F R KR L R
RATE > A F SR EENI2E c FABEF REIRE A TRAFAEOR L 0§
FOREAEAISTIA8E  H P R T 2 G R RRE BN E v ORIRE o 3T E S R
AEKR b e AT "5&.@&:,@«’ s L e B4-95 T o

BE APt (T 2 LEE* L1 BEBAF 275 »h -0 al

(w,

HEES T g 2 ORGP g A REF I FL c RREE REEN LIS ED
SRR X kT ﬂfv;fé?%réé' BFEREEFERE MA R 4+ X
PER S BRI F 5B R BB A AR KB F B M4 47.36(107/07F %
L3P 2b)~11.0(107/02F¢ L & Ep|=k) mo/Lz B » 75 & 4 k1 pbok 4 5E 43 § 03 KA
7 mg/Lr b & &5 o 85917 + (MR~ &, 1998) -
HEEE EEAREES A AL PRI 4~ S o) LA 1 301005
e L (6 B RIEE R AR T > S ERER PG RBME]
NTU g 3R 2 PR FULAELF G A A PRl R §RB2KFee7 ¢
AR o L M A A éﬁmi}ﬁsﬁﬁj c AR PIES AL PR AR R
& L ASNTUZ T (Fi5+=,1998) » f b R H i A EA2NTUL T B &8 F o
S EY R R R L E TR @M B A 4.89(107/02 #¢ L & GE P
#)~13.64(107/10 L Rlzb) mg/l - 2 ZH R T Bler F 5 By g m e f 2o
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;E[: ‘Qﬁ‘}é‘l‘%-ﬂ:;‘ 'P%ﬁ?%;ﬁ":ilz}lé'ﬁ ‘Q‘;\‘/’J\’rﬂmu—m]ﬁﬁ}ﬁ&

SRR R AN P TP RAHL PR R RE R RATER o frE T

BIEEBT AR ES 0 R REREFGIARY > G PERBER R o
¥R

Nl

GG T RS B LR R ST R R Ry £ Bk

%ﬁ

B 48Rl R AORPASFT L LA RYRAPF VA CIERDLFT] o TR AL
FPAER R FITL AR 0 TR G BAFEEORE > AY R B 5 T ETER
BB R ¥ ARG R p BB AT o
BHEE RANSEGAMREF 7 E 306 mg/ll o T ARk R OR Y EE 0
AAFFETRAE LT EEFLEELe ST 3 RBARBATEREP LAY
BoREmY B ¥ REERY THAZBRAE HAHAF FEP R SR
FREERF O BRBE FELI RS R RF SRR S EY DRI RAE
JER A 300.01~1.4mg/l o pH IR R T GBS RIPIEY 5E 4 2Bk BEAM -
S OREEY TRk AR B R ROE SR L A ERE R 0 Fla T e

BRGEZEA b A RHA SRR SR B LRk
B FEEGR o s Eackilina i r e o JMAERF HRT > TARET ¥4

B A A AR AR ST A T AT 2k A G A S R
Fla g REFREIBEE G EIEY ca flRREF R IFP2als 0 &E S
dOHEETER A TORREIRY c I EBRFAL LT F ER BRI Mgk
PiEF g 2 RE P EE S bl BRERR Y HRE TARITT I A
BRE-FPoFEFFgAawI g oo

THRAE S - 273D el gk ? TARBOLZER S50 ug
JL > it pEp) Z <3230 pg/L(f s~ &, 1998) » BB 7+ 32006 37 4k gk RE P LA
g kR T A3 gL ™ (£4-2) P R ANMSENTAHRAF ERIHMN3
Mg/L -

RGP g F ORI Bow G v pr g TP Y F g 12 BN K e R ER
EanY F F kR H o ‘,ft“iﬂ v R EIPHEE B B o kY & € Mgl F 2 A Rk

¥R SR r»téf (M5 =, 1998)ixz4-k* % kAR &) 312.5 pglL »

< £ (European-Parliment, 2006) R] Bt sm 2ok ¢ 2bdp = fi 4 k& - 041 pg/ll - 3

HZ\

EERE>0.03mg/ll (£4-2)c a frd TRIE ST AR RIL2Z 4 FOERY
P13 LFGRE O EATEARSERIEF
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Fex KFER
FREB AR Rk RBF A ARG F TR BT RORRT N

AR o P PERML T ERMERIERRK 0 R ERARBAERRE o F TR
BERS RLFERRES > aeHH2aw i) B - Rp L AOERRE T &
12~47 5 kPP it BER B2 5 A6~107 2K pF > ape Bk R PR E X o

FRAp s J\%ﬁc’m,fa&f%wz«mwwagﬂg T %;ﬁgg&gécoa&
f\‘]x ?;‘—/7‘- /%)i_‘i( g—aé? 20 mg/Ll]T ’ l\‘& ];L’Fbl—L'U /q—/? ﬁ(lﬂ

7.35 mg/L(107/07) ~ g 4. = P1=-8.45 mg/L(107/10) ~ - 5,345 + #58.86 mg/L(107/10)
T Rl i

PR AR S o RN B ROR A R GG E 8 Y g R
FAN T BRI U RE G L o FE (M, 1998)E k4 R - 4y pbok g Y
BifL Bk R R >00.01 mg/L - % P (European-Parliment, 2006)p| 3+ @k & /f /|- >70.2
mg/L ( % 4-2)- Fifie B & )k B 4 320~0.01 mg/L - Fifs B & )k A& 4 320~0.01 mg/L >
SESTF PIEERIERR Y B ERRE o

PHEREEM FERONR S ZEEE T B E © REBIESB LT
WRGE RS FE T RIEHEHF + kA + K 4370.09(107/108. 4. » #|=+)~2.87(107/07

FOBERE)MO/L A = 0 5 k2 TOCHE & #75 Bl? & F o
(=) - BHRFMF 3 2 B IF
T H B R FF R ACT1004£50 1217 - AL 142 AL B
Rl bR T A NG R R (H4) - B 5 (#12) - BT 25 (#13)
B (#5) (7 J\?ﬁn D I D A ir’iﬁo‘}ﬁzﬁci £ Sl U PR i/‘?ﬁf“ e BT Aok
TR e B2 R ERMIFHRE - £ 4758 %40R14-223 Fl4-34477T o

sS4
N

BA-825 = FOBIE} M1 ¥ iR b 2 R L DA T ER LB - W R T

Bo— I TR AR A AR k}i@é[ﬁ],g@ﬁ; BRI E: 3 SUESS-A- SRR
Mty T ' o BT AT M R L2 RIVR e R F & o

LS BRlspHE A T.1-85F 5 ¢ Mk BE AR BE R
Er ¥ FEP o A S ERIZpHER AR

$TRAF KD I PR IR ARG KHET A A 2120~450 pmho/om 2
(M5 2, 1998) - 107# T & & 4 %7169.5~238.7 umho/cm - FR:c L A HT &
T AR T A

RERIES b AL PRI 4 a4 B B R AS NTUZ ™ (s~ &, 1998) » 107
ERBE Y AONTUZ T » 7 LIFRMCL S RT A5 81 £ o
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PHE RELE TR
fxd

Rl WP BRI -ARRAF - ARR - FREATDEE7 A > ARRAT ER
PaFAlmg/l T o e Bk R 4 3021~48 mg/LRE > # Bk R ¥ M300.5mg/ll e £
ERLAHBERFE B F107/07TR & &Rl Fichy kB 0 B Ao £0.10(107/07% 5
Hip|=k)~1.80(107/02- SLEE T ) mo/l; £ §F EAR &5 ERIG BB 2 H 0 BRI A
0.01(107/02% Li;%ip|£)~0.09(107/07— 53 ™ P5RIxb) 0 £ E R 2Z AR BER P &+
B 0 4 20.01(107/04— HLHE F #5ipl=E)~0.14(107/10- BLHE MRl sk) mgll o

(Z) L2 kA2 RTE R

Bl14-351 B4-47 5 Lok 2 PoREZ CRFE RIS S Lk 2 EoRE2Z pHE R K -
FHENPIE > PRRIER GRS RFENRIN S BRZ B RS - RIEITRIN
AR A o ¥ b PR E AT REMBEEILEZ - RBE J EFREETRLE
BT HRES NTUZ (77 » Lk 2 J§ R EivadF &5 NTUZ T -

Lz ARBRRERERE REAARZTRE > fELEZARKRBERY - P B4R
® 0 1>70.89(107/04# -k & P =E)~13.21(107/07 L& ¥ iR sk) mgll o £k iR E R
¥R AT S RAEEIL 41 350.89(107/04 £ -k & Pl #E)~10.71(107/104 -k & w0 B =) mglL e

LTAFBATERS JRFAE5 pg/ll2 ™ o FR AR KRBT ER PR MM ET
LB 4 Ak A 50 pglL -

FRREETRIRSET AELAZF RERZ TR -LERE S EEFRY DR
e REw P RES T BB F BER /1371.09(107/024 -k & 15 ] 5)~8.14(107/10
BORE S RIEE) mo/L e LiE s BURGEREE MY S RIEL o & B Ap kY ok
B A ¥R EETFRIT 7 EH e o

rpa B E T OpL R 2 BORAER 4 300.03(107/028 K & P #E)~0.15(107/07 £
k&) mgll o

SOE LR LR 2 B R E Z TR R A 7.71(107/02 £ -k R 15 R
#)~18.30(107/10 Lk @ L ipl=k) mo/l > FiE ] S EA £ ~ F LEE G %R Rk
B 24.94(107/02% Lii%ip| =)~46.83(107/108L 4. 5 i#l=) Mg/l o & 5 P& & 87 3%
HFARBEBRARTL G AR 2 AR PSR CEARSF CRRTAL o LR E R
KA R R BARUE R 4 370.21(107/10 L7 ¢ A Rl ak)~1.91(107/04 4k -k & R 2tk)
mo/L » & = FEIEIRIT 0L o

AFPHEN L ET R PBREFR Y 2ZRGM A B 2R E A NG

B BT R IR M A RSP B RS K IR K 2w E 4o(B14-76) c T AT 2
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g kFEa
ol 2 B E o FERFEYERLS L SAIZEE N LR P 5 B i

o~ = RBEETLY Ao(BA-TT) o L E 2 R PBEF RS T A FIREE B R A
R R S SR
()81 Fwich? 3 2 K FE R

B4-48% B4-6058. 12 F v fc b * 2 K FE RS o w g * 3 ¢ 320512
9@%$&ﬁ’;wmmﬁﬁéi¢?£ﬂ’ﬁi@%%é*ﬁa@% B e AR F
LGk (H2)s 28 (H3) 2 A4 (#4) EFHFHEN SRR o

FEGRBRTLAFES T FTARASAKRRBER T RARAT HERARG AR
Fooorl b PG E R - BN TosR AL 2 o @ AL BIEA 4 200.13(107/02
FY LR E R 5E)~1.10(107/07 = SRl =k) mo/L » LA EL WOk & 4 320.2(107/04%% L &
& )~5.97(107/07 & 4 = Bl =) ug/ll » % % & B A % 0.01(107/04 £+ L & % i
#£)~0.20(107/07 = B3 RI=E) mg/l o £ Rl % 4 > £6~107 AR B§ kA ¢ &
BT W R BRAER L BRI VRELAMRP ) THRBF LR YN
o FEFEFERTERMDF O EA6210 PAEERENEARAE BT E
MAFRET Y R ERR BARBAF BRI TARBT 25§ - HLTRA
PATmm AR

FrEFRESEED09E 2w o ZPIAEAT ERLEEARRS  ER LEER
222 mg/lL; 99# 2 ehE Rl Rk AR L R HAP ¥ 101~0.5 mg/LL 7 >
Mra s s BEREPER L3 v § 25— 1Ak F4A-8348 HWT LiF
PR T BB W T2 &k o

(Z)RELEREEELKFTER

Bl4-617% B4-735 B f 2%~ & FIE2 KT Z RIS % - B4-84M4-865 -k it &
EHP - ERIREANIRAL (H#4) 3 LIE (#8) *ﬁ ik (H9) >~ BE B E i
B (#201)~ 3@ % Lo (#202)- 2% % (#203) - ET O (#204)~ £ EEL ¥
(#303)’$162%%s(#203)~¢’%zifié:(#204)’i§a;mi;%e -

S ERFE LS HEMB RTS8 % BT 0 pHE 4 286.29(107/10% # % WL ¢
#]5-)~8.31(107/07F »5 2™ psiplep) » Rl @ 2 pHE £ i & 4552 2 4 & 4 > §16.5~8.5
ZRCRRENRE CPRBREFEEIERELE X o R BEEFASNTUZT -
TR (#9)~ 25k (#203) F25iET 5 (#204)  RBOFEHBF HETR 2R
FHTERZFEIREFABDEAZE v ELR M - BB ER AN
0.14(107/04 % # % 1 v | #£)~5.33(107/07 % 2% ;%™ #ipl=k) mg/L » L A e Bk B 4 3%
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PHE RELE TR

0.32(107/10 % E ;% cin BEip| 4)~1.3(107/04F 2% 5T p5ipl=k) ugll - & & B 2% % jn
“7(#203)2. % % kA 50.08 mg/LithF -

Bife MR E R R 43°0~0.01 mg/L > £ &#7% Bk R 4>70.01~0.11 mg/L B >
ERRHET AL EEA TR G M o

S EY TR RE EEZ AR RA 4307.94~22.95mg/L o 2%k e Rk B 4T
30.19~57.79 mg/L -

FRApAIMY DEARCAS CUTEIBIEEEFRHIT 2284 o Y
B ket d SRy th 4302.0 mo/l o R EEMH201) R P s S 0 2 eRER &
BAH BRI o

ET B BRI R S S EEE T B3 REEZ G OEIERELT B
& 1 200.22(107/10 B F ke % BRip) 2E)~2.87(107/07 %5 5k % ) #5 | =k) mgl/L -

ERFESS B2 HEBAHT o RE B ~FFAEREP ZRARTNE LKL
o VHT RIER 586.8 psiom » i 30 p3 & Fead 3% 9120 us/ecmr T o ok X
WP Rs SR aes T AR

() BRF2HEET Ao isieH

FIRELERYSRHT 0 R KR 0 e B Rk
FER o v RplEE e Z LG EH2) s 2 SUR#HI) LA L (HA) LR BokE 0 B
S 4o 4-10 0 7T e R K IR B05 mo/lle c e B RiEFB A BT A
PR LT AT EEV R AR L AAMAS X AP R
S o T

(=) Pl Ry 97 E R

Fel gk ® R TR L A E 0 S 3 LR TR 0 PRI ZEE BB R o el
A-T4 o o7 S enlm T 3 R F A ORAIZRE » FoREARD T Rl 2T 2R o g
BRI B B N2 R R L R (S RBIE IR T ) B LE R Z B
Hplsh ot g o BA-TSR P A IR 0 Bt A ET RN T R RIE o R PG

CCRHE R BRI E R TR R TR S .
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3E‘ ‘;; al, rﬂm - #H-FW%%EF? ;ﬁg‘] \ﬁd ﬁ’xﬁéﬁ-j’ ;ir —ﬁ - Tiﬁg—fii‘g;’%&o

4. FBF FLABRRT ER > LB D ZRIBIEA S 2 5 HIERER B E5.972
5.27 Ug/L v ik BAZ MR 3T 23 pg/LHRE > 2 R T A PR T4 ek T AR50
MOIL BEr %% b S A S REBREE a3 HFHERELIBEREZ P . 2 &
LELRIE S 3 g/l B ¢ BET HH204) R B F ER iR 0 4.84
Hg/L -

S - BURMMAF I AHT R AR R 2 TRAEE a2 2R T
ML ERA RG> BT R H R 2 KR LR R Po R - B2 P
AT KTERBRE S C WL ALE 2 R AR

6. L2 B BOE R R B TR RERIE S 4270.89-13.21 mg/L 5 -k AR B B
FEELE > 1200.89-10.71mg/L o BH A T 0 LEE ROREZ AR SR RER
PR RER AU RRRTSA LERRS &EFYE R B R
,]él_ °

7.8 12 w T o b2 frE TR R BRF09E 2 18 0 pLiE E (#2) s 2 5L (#3)
A (#4) Z RIEAELR ¥ R R AN R P 8.2 mg/L¥g ] 1 0.1~0.5 mg/L=
BoMra s d BEREDHER > B wicid § 23] ¥

8. ¥ ki mgh (#201) e % Liv (#202) Ao % it > U AR EME L BY
B G EENEY M BARPIRTFIEREG O G FTRERS > J LV P R
RIEHFEHEZERT R TG

Q. Meds P i BB A2 MRS HBE Y SRR 2 AR LE B RERE LG R
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Wischmeier, W. H., Smith, D. D. (1978). Predicting rainfall erosion losses: A guide to
conservation department of agricultural. U. S. Department of Agriculture,
Agricultural Handbook 537.

TR . (2003). FAHEF RRTALERBER. ARIBFEFIZARREFFT
FFE.

3 ATPe. (1998). = RIFEF AFES 2 TORF 2R ARIFEF DR R FIF T

.l

=3

2 ATP. (2003). = REEIC A B A ABFEG L AP FL Y. ARFIFEFED G
P f= B 7 3R 2

%zaxwwyﬁﬁ@aﬁ%ﬁa%a.ﬁﬁ%ﬁj;g;ﬁg

FRss =, (1998). By ®B-ERZ RR-REER R 2ZRGENE (v ). ARMFZFE
BB R FIF T2

AR (1997). {4 4 R rew BAT L S sl 2 iR B g f rT 2 7

4-23



'ﬁi
241y kWA E LTHRE

A

AEE

o I A %
H" kB AvziE SREAE ;i A ok BAEHTP)
& (DO) (NH3-N)
(pH) (BOD)(mg/L) (SS)(mg/L) (CFU/100ML) (mg/L)
(mg/L) (mg/L)
6.5 1 0.02 1z
" 6.5-85 1T 25T 50 BT 0.1
s -
5.5 i 0.05 12
¢ 6.0-9.0 21T 25T 5000 @2+ 03T
s -
4.5 11
P 6.0-9.0 4 40 1 F 10,000 B2+ 031 —
I
7 6.0-90 31t — 100 2 F — — —
#£IEF 2
~ 6.0-9.0 21t — — — —
#7973
LT R ORI - B LE S LS B L E S BRI B E o

2—&?#“$1%£ﬁ%&£%?m\+“$73@
SENRR R AR R ERG S TR > B~ A F - R 2 E RS BT ok
ZHBEoRF R ﬁ+mLﬁkﬁ BF I CHREEPARN B R ILV Eo R %K

(FR &k FRRBEREEF LFEFIR)

4-24



3 4-2 WP 3T 2 2 Ak 4 K ¥R (2006.9.6.)

4 A,
R : — :
% 4 %l w4
# R (C) 1.5~21.5C 3~28C
L 50 % =9 50 % =9 50 % =8 50 % =7
% % (mg O/L) ‘ ‘
100 % =7 (6 mg/L r2 +) 100 % =5 (4 mg/L 11 +)
pH 6~9 6~9
% % F48 (mglL) <25 <25
BODs(mg O./bhL) <3 <6
Fife B (mg PO4/L) <0.2 <04
I 7 5 B (ug N/L) <3.0 <9.1
A A4
R <41 <206 <41 <206
(Mg N/L)
% % (mg N/L) <0.03 <0.78 <0.16 <0.78

(F#L %k : Directive 2006/44/EC of the European parliament and of the council of 6 September 2006)
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f\‘F;E% EFH—/) 4 ’”« % I‘Ip

F 434 RRBRFIRE(IFS p Rk 2 4P KR A& Kok R )
- =me kkwe ®Ee=
E' ’ ; i_ﬁf'f'_ A
LR EERA 20,000 (% & i = : ) MPN /100 mL ¢
50 (AE® 4 H i) CFU_ 100mL
% % (NHz-N) 1 mg/L
“#%3% 3% (COD) 25 mg/L
7 #Et (TOC) 4 mg/L

(FA %k ¢ 7R R T A7 KRRk TRE)

3 4-4 K 5

AR LB rE B3 E
g R R L o ke 4°CA
PR RV L1 0 kw0 4°C 4

AR s

TRHRAS b SR ) Y 8 e 4°C 2
¥ I &R boFRfk R HEPH<2 » A°C 4
I Ffs 1+14 B paie = 2 I35 o e 4C ik R
P Er STl ) Ry % fae > 4C %
=3 ErEE TR -
By R Wad P e BRRL R R IRPH <20 % i  4CHA R (3 FAfE)

(T &k

TRy R T)
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3 45 B 2R

b5 LU Ein PR (S5R) & 3(m)
#2 Fo L@ % Felid % E121.30750 N 24.39804 1927 m
#3 g = R E 121.31012 N 24.38214 1787 m
#4 Bt = RE E121.31191 N24.36768 1743 m
#5 Y ik 2 = F$% E121.31382 N24.35446 1727 m
#8 B L% B L% E 121.30897 N 24.35813 1786 m
#9 b %k b %k E 121.31030 N 24.34752 1776 m
#11 - B =~ p¥$% E121.31163 N24.36384 1762 m
#12 - BT = R$E E121.31173 N24.35979 1712 m
#201 B i k% gk BE EE E121.34758 N 24.39468 2309 m
#202 B E LT 4 %% E 121.35241 N 24.39180 1945m
#203 m sk 4 %% E 121.34144 N 24.36905 1874 m
#204 b %L g 7 %% E 121.32397 N 24.35185 1752m
#303 LECEDY & Bk E 121.25302 N 24.16333 2650 m
A3 Lk P = F$% E121.30775 N24.37723 1843 m
A4 Lk ¢ o2 4o = F$% E121.30778 N24.37707 1780 m
A5 Lig ¢ o2 T = R¥E E121.30813 N24.37743 1875 m
A6 g = RE E121.30859 N24.37730 1809 m
B1 BoRE = R¥E E121.31053 N24.37438 1768 m
B3 BoE A = R¥E E121.30919 N24.37585 1724 m
B4 BokE 18 = p¥E E121.30993 N 24.37484 1756 m
AR S Pl % E121.302713  N24.4124186,
i dane LA % E121.309739 N24.407156

s

e T

(FR kR 22T FTH)

4-27



% 4-6 107 & 02 % 3 f2 i A 47 8cdp

shEL * ¢ B P B R pH ®TR BE R SiO; =
Vol R e |

v [ pS/cm mg/L NTU mg/L mg/L

#2 Feohd K 2/1 7.6 6.69 147.7 11 0.3 4.89 N.D

#3 Z B 2/1 9.1 6.78 194 10.67 1.06 5.63 N.D

#4 Bt 2/1 10.9 7.57 205 10.11 0.47 6.09 N.D
#5 Rk 2/1 11.2 7.56 190.5 10.53 0.78 8.4 -
#8 B oLk 2/1 9.0 7.65 177.1 10.7 1.26 6.69 -
#9 3 OBk 2/1 10.4 7.96 279 9.73 1.84 5.76 -
#12 i 2/1 9.8 7.55 206 10.37 0.72 5.55 -
#13 i 2/1 11.2 7.66 208 10.23 0.61 5.92 -
#201 BE R E B 2/1 8.1 7.52 145 10.58 0.57 6.46 -
#202 R R 2/1 8.7 7.46 138.8 10.3 0.78 6.71 -
#203 Bk 2/1 10.3 8.22 413 10.13 1.63 5.7 -
#204 §RET S 2/1 11.8 7.91 262 9.65 1.33 5.89 -
A3 NEP: 2/1 10.9 6.50 130.8 10.4 0.78 12.74 -
A4 Log ¢t 2/1 10.5 6.79 1314 10.01 1.29 12.78 -
A5 NED: S 2/1 10.9 6.76 131.9 10.04 0.81 12.92 -

A6 NEp: & 2/1 11.3 6.82 132.5 9.99 1.08 12.86 N.D
Bl 2N A 2/1 11.5 6.49 104.1 9.83 491 12.01 -

B3 HoRE W 2/1 12.5 6.27 109.8 9.29 6.09 11.06 N.D
B4 = O A 2/1 11.2 6.62 82.8 9.77 2.92 11.28 -

%k N.D.i& @ ™1 P& *20.020 mg/L
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g okpE

sy LU FHE PP | NOZ-N S0~ cr PO,> NH,"-N TOC
/R Mo/l mg/L mg/L mg/L mg/L mg/L

#2 Felid E 2/1 0.8 18.8511 0.139 0.01 0.06 1.511

#3 Z B 2/1 0.4 27.9034 0.1896 0.02 0.03 1.695

#4 Bt 2/1 0.8 30.9810 0.2515 0.03 0.03 1.619

#5 Ry 2/1 0.5 28.1721 0.2233 0.02 0.03 1.798

#8 B oLE 2/1 1.1 24.9429 0.4092 0.02 0.01 2.236

#9 3 OBk 2/1 1.3 33.1958 0.8651 0.07 0.02 2.378

#12 i 2/1 1 31.4138 0.3591 0.03 0.04 1.833
#13 R 2/1 1.8 38.1237 2.2549 0.03 0.02 2.217
#201 BE EERIE 2/1 0.8 22.9757 0.2612 0.02 0.02 1.071
#202 AR LT 2/1 1.3 21.7279 0.3006 0.01 0.03 1.133
#203 Bk 2/1 1.1 47.7716 0.4485 0.01 0.02 2.374
#204 §RET S 2/1 1.3 30.4230 0.6912 0.07 0.04 1.757
A3 Lk @ 2/1 2 11.8162 2.4646 0.11 0.03 1.292

A4 NP AL & 2/1 0.9 12.0093 2.499 0.09 0.06 1.504

A5 NP A 2/1 1.3 12.0716 2.4915 0.1 0.04 1.446

A6 AP 4 2/1 1.3 12.0062 2.5833 0.08 0.05 1.645

Bl PoRE 2/1 2 10.1672 1.2642 0.03 0.02 1.302

B3 =4\ S 1 2/1 1.4 9.0075 1.7461 0.05 0.04 0.773

B4 2 2/1 15 7.7141 1.09 0.03 0.03 2.248

(FHEXER: 271 F#)
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% 4-7107 & 04 * 3128~ 7 &%

L EL LU P R pH E¥T R Y R SiO;
1 /p C uS/cm mg/L NTU mg/L

#2 FeLF R 4/17 10.7 7.31 156.5 8.87 0.66 5.86

#3 Bl ] 4/17 11.4 7.23 193.3 8.63 0.56 6.37

#4 Bat 4/17 114 7.42 213 8.37 1.87 7.31

#5 ik a 4/17 11.7 7.7 202 8.36 1.03 7.83

#8 B olE 4/17 11.9 7.71 181.2 8.39 1.34 7.96

#9 3 OBk 4/17 13.6 7.54 331 7.86 3.03 8.27

#12 - 5L F 4/17 12.1 7.43 215 8.38 2.22 7.33
#13 i 4/17 12.1 7.44 221 8.36 1.81 7.34
#201 BEE IR 4/17 10.6 7.07 135.8 8.67 0.38 8.48
#202 ERCECA Ry 4/17 11.1 6.91 171.3 8.15 0.44 8.19
#203 B ok 4/17 13.0 7.93 443 8.8 0.62 7.74
#204 3 OBRET R 4/17 13.4 7.88 313 7.9 0.84 8.39
A3 NEP: 4/17 13.2 7.02 135.7 7.98 0.86 12.74

A4 g ¢t 4/17 13.0 6.98 135.9 8.01 0.9 12.78

A5 NED: S 4/17 13.0 6.98 136.1 7.79 1.88 12.92

A6 Lk 4/17 12.6 7.23 135.8 8.14 0.87 12.86

Bl #oRE 4/17 14.0 7.26 102.4 7.81 1.99 12.01

B3 oA W 4/17 14.4 7.17 117.1 7.14 6.93 11.06

B4 BoRE (8 4/17 14.5 7.17 115.2 7.49 2.92 11.28
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s # L FH PP | NO-N S0.” ol PO,> NH,"-N TOC
i/p po/L mg/L mg/L mg/L mg/L mg/L
#2 Felg jx 4/17 0.2 20.4952 0.1725 0 0.01 2.074
#3 = B 4/17 1.5 27.8487 0.151 0.01 0.04 1.52
#4 Bt 4/17 0.4 32.7746 0.2635 0.02 0.02 1.788
#5 ik 4/17 0.5 29.8539 0.2086 0.02 0.05 2.299
#8 B oL 4/17 0.2 25.5826 0.5747 0.01 0.02 2.399
#9 3 OBk 4/17 1.4 43.4666 1.244 0.05 0.07 2.091
#12 i 4/17 0.9 33.1483 0.3351 0.01 0.04 2.15
#13 - BT 4/17 1.1 34.8859 0.3725 0.05 0.08 1.362
#201 B R ERE 4/17 0.9 37.8061 2.3013 0.01 0.04 2.155
#202 AR LT 4/17 0.4 30.4869 0.4892 0.03 0.02 1.724
#203 Bk 4/17 1.3 54.5641 0.5365 0 0.02 2.114
#204 BORET S 4/17 1.3 39.388 0.9363 0.05 0.05 1.91
A3 NP A 4/17 0.9 13.1044 2.396 0.09 0.03 1.546
A4 NED: R & 4/17 1.1 12.943 2.3485 0.08 0.02 1.467
A5 NP A 4/17 3.1 12.8991 2.3393 0.09 0.03 1.757
A6 NAp: 4 4/17 2.6 13.1323 2.7053 0.08 0.03 2.165
Bl #oRE 4/17 1.4 8.7739 1.2074 0.05 0.04 1.906
B3 LR R 4/17 2.3 10.6661 1.9702 0.03 0.02 1.884
B4 LR 1 4/17 1.8 10.2478 1.5148 0.06 0.04 1.51
*% N.D.i& : (1) NH;"-N<0.01 mg/L

(FR KR : 2P FTH)
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% 4-8107 & 07 ? 32 i A 47 8cdh

L EL LU P R pH E¥T R Y R SiO;
1 /p C uS/cm mg/L NTU mg/L

#2 FeLF R 7/5 194 7.82 159.7 8.27 0.82 6.93

#3 Bl ] 7/5 16 7.87 171.0 9.25 0.49 7.90

#4 Bat 7/5 16.4 8.23 185.4 9.10 0.63 8.66

#5 ik a 7/5 18.9 8.22 184.7 8.53 1.29 9.31

#8 B olE 7/5 15.7 8.15 154.2 9.14 1.19 8.74

#9 3 OBk 7/5 18.8 8.45 312.0 7.36 0.89 8.69

#12 - 5L F 7/5 16.5 8.29 190.5 9.31 0.74 8.85
#13 i 7/5 16.7 8.22 190.3 9.04 1.24 9.20
#201 BEEE W 7/5 14.5 7.94 162.2 9.31 0.82 9.42
#202 ERCECA Ry 7/5 154 6.97 153.6 7.76 0.51 8.93
#203 B ok 7/5 18 8.40 445 7.35 1.01 6.39
#204 3 OBRET R 7/5 18.2 8.31 291 7.36 0.44 6.07
A3 NEP: 7/5 16.1 7.81 126.3 8.88 1.55 12.55

A4 g ¢t 7/5 16 7.82 127.7 8.94 1.10 14.43

A5 NED: S 7/5 16 7.82 127.7 8.90 1.13 14.42

A6 Lk 7/5 15.7 7.89 126.6 8.95 1.11 13.7

Bl #oRE 7/5 16.7 6.65 92.6 8.79 12.7 12.62

B3 oA W 7/5 15.8 6.61 104 8.92 123 12.76

B4 BoRE (8 7/5 16.9 6.85 92.8 8.67 9.29 12.35
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=hEL LU Fip NO,-N S0.* cr PO,> NH,"-N TOC
i/p po/L mg/L mg/L mg/L mg/L mg/L
#2 Felid K 715 0.2 21.3372 7.3557 0.20 0.06 2.263
#3 = B 7/5 N.D. 28.9243 3.2826 0.09 0.20 1.512
#4 Bt 715 5.97 31.6700 0.4763 0.03 N.D. 1.875
#5 PRk 7/5 0.10 31.7113 0.3576 0.04 N.D. 1.597
#8 B oLE 7/5 N.D. 28.7923 0.4675 0.03 0.09 1.653
#9 3 OBk 7/5 5.27 45.3788 2.1339 0.05 N.D. 2.877
#12 i 715 N.D. 32.6738 0.5098 0.03 N.D. 1.592
#13 R 7/5 N.D. 32.7494 0.4596 0.03 0.09 1.540
#201 BE EERIE 7/5 N.D. 7.9429 3.3922 0..02 N.D. 2.036
#202 BB E LT 715 N.D. 32.6177 0.717 0.02 0.02 1.618
#203 Bk 715 N.D. 30.1881 0.5369 0.11 N.D. 2.878
#204 §RET S 715 0.69 42.7636 1.7099 0.05 N.D. 1.745
A3 Lk @ 7/5 0.35 13.9229 3.1892 0.12 N.D. 1.443
Ad NED: R & 7/5 N.D. 14.2665 3.1697 0.11 N.D. 1.366
A5 NP A 7/5 1.17 14.3536 3.1735 0.12 N.D. 1.252
A6 AP 4 7/5 N.D. 14.3685 3.1649 0.11 0.03 1.566
Bl PoRE 7/5 11.2 8.7088 1.3993 0.08 0.14 1.649
B3 =4\ S 715 1.56 7.9313 5.9327 0.15 N.D. 1.37
B4 2 A 715 3.16 7.92 6.1872 0.11 0.12 1.525
*% N.D.i& : (1) NH;"-N<0.01 mg/L

(FR KR : 2P FTH)
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4 49107 # 10 ¥ 33246 A 17 &h

L EL LU P R pH E¥T R Y R SiO;
1 /p C uS/cm mg/L NTU mg/L
#2 FeLF R 10/9 14.6 7.39 135.7 8.61 0.53 7.50
#3 Bl ] 10/9 154 7.74 187.5 8.55 0.40 8.12
#4 Bat 10/9 16.2 8.39 231.7 8.13 0.14 8.62
#5 ik a 10/9 16.6 8.41 175.4 8.39 0.31 9.31
#8 B olE 10/9 15.1 8.21 162.4 8.72 1.07 8.53
#9 3 OBk 10/9 16.6 7.23 233.0 8.25 0.67 8.15
#12 - 5L F 10/9 16.6 8.41 238.7 8.22 0.32 9.02
#13 i 10/9 16.8 8.41 205.0 8.14 0.54 7.04
#201 BEEE W 10/9 13.3 6.38 107.57 8.77 0.31 4.33
#202 ERCECA Ry 10/9 13.9 6.29 111.6 8.41 0.46 9.118
#203 B ok 10/9 15 7.62 338.67 8.11 0.97 8.8
#204 3 OBRET R 10/9 15.9 7.1 222 8.25 0.67 7.71
A3 NEP: 10/9 16 7.57 123.8 8.03 0.96 13.55
A4 g ¢t 10/9 15.8 7.53 125.2 7.96 0.66 13.55
A5 NED: S 10/9 16.3 7.64 125.47 7.97 1.1 13.03
A6 Lk 10/9 15.8 7.12 156.07 8.08 0.97 13.64
Bl #oRE 10/9 17.2 7.31 99.57 7.90 3.96 13.11
B3 oA W 10/9 17 7.37 98.6 8.06 5.89 12.8
B4 BoRE (8 10/9 16.7 7.14 110 7.91 7.36 12.21
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s # L FH PP | NO-N S0.” ol PO,> NH,"-N TOC
i/p po/L mg/L mg/L mg/L mg/L mg/L
#2 Felg jx 10/9 0.78 28.7982 0.2159 0.02 0.02 0.444
#3 = B 10/9 0.38 42.1471 0.1954 0.05 0.02 0.188
#4 Bt 10/9 0.35 46.8360 8.4541 0.14 0.13 0.094
#5 ik 10/9 1.01 38.5813 4.2070 0.08 0.03 0.510
#8 B oL 10/9 0.31 31.2597 3.6595 0.07 0.04 0.399
#9 3 OBk 10/9 1.64 37.2973 2.0747 0.06 0.06 0.307
#12 i 10/9 0.69 46.4664 8.8683 0.14 0.08 0.551
#13 - BT 10/9 0.76 47.0910 0.4209 0.05 0.01 0.137
#201 B R ERE 10/9 0.32 24.9314 0.3004 0.03 0.04 0.2176
#202 #PE LT 10/9 0.7 23.3413 1.4102 0.05 0.03 0.2821
#203 Bk 10/9 1.21 57.7875 1.7329 0.03 0.08 0.3651
#204 BORET S 10/9 1.2 35.8059 1.9012 0.06 0.05 0.3091
A3 AP A 10/9 0.56 17.8826 3.1524 0.07 0.12 0.237
A4 NED: B & 10/9 1.03 18.3090 3.1714 0.07 0.012 0.217
A5 g ¢ 10/9 0.58 18.2446 3.1355 0.07 0.04 0.3231
A6 NAp: 4 10/9 0.56 18.5014 12.3939 0.18 0.01 0.4876
Bl #oRE 10/9 1.93 11.4275 1.6066 0.05 N.D. 0.3126
B3 LR R 10/9 1.23 10.2582 2.0549 0.04 N.D. 0.2393
B4 LR 1 10/9 1.21 11.7455 8.1486 0.1 N.D. 0.4551
*% N.D.i& : (1) NH;"-N<0.01 mg/L

(FR KR : 2P FTH)
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% 4-10 K3 % & S AR R

g g E e EIimg/L

\

p Fo ol F % - B B o Lk oA
107/2 <0.02 <0.02 0.020 <0.02 <0.02
107/7 <0.02 <0.02 <0.02 0.026 <0.02
107/10 <0.02 <0.02 <0.02 <0.02 <0.02

i§ i 4 ] * 0.020 to 0.300 mg/L as LAS (colorimeters)
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