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Pl ATEE R B BE R4 EK (DAIo) P Y £ ik
(TDI)~ = a2 4 87 4~ i (PTV) 25 & % Bdadic (Gl) - #ri k&~
fe P e B~ DNA > 12 18SIDNA # & % — 2513 H tgfs 55 454

Pyrosequencing % > ™2 NGS * 23 2 # & 5 it igficdpian £
# A~ 472 (Redundancy Analysis) A 47 7% % H & 4 i 55 hjp B {2
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EEHE ¥ ji}é}i’ﬁ h4F > e J2 5T 72 g ¥ -Navicula cryptocephala -

Stauroneis phoenicenteron ~ Gomphonema parvulum ~ Nitzschia palea f-
|
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Abstract

Benthic diatoms are sensitive to physical and chemical factors in the
freshwater ecosystem and are commonly used as biological indicators for
monitoring river water quality changes. This study investigated the
changes of the benthic diatom communities after three types of effluents
and in order to elucidate the relationship between changes of the
community and environmental factors, using microscopic observations
and next generation sequencing of 18S rDNA. The application of diatom
index was studied. Six mixed samples were collected from upstream and
downstream sites of three selected discharge points at Donghai Bridge
domestic point, Taichung Industrial Park and Taichung City Precision
Machinery Innovation Technology Park within a span of five kilometers
in Fazi River, Taichung. Diversity and community of diatoms were
investigated by morphological diatom and used to calculated DAIpo, TDI,
PTV and GIl. DNA was extracted from the same samples and 18S rDNA
of diatom was amplified and analyzed by 454 Pyrosequencing. Diversity
data from microscopy and NGS were both used to analyze the
relationship with environments by Redundancy Analysis. Using classic
method, 17 genus and 42 species were recorded; whereas 33 genus and
164 species were obtained using molecular survey. Relationship between
community similarity and geographic distance show that effluents
influenced diatom community. Redundancy analysis show that some
diatom were tolerant of endocrine disrupting chemicals and heavy metals
and have environmental preference, however, the correlation was not

significant. The variations in population of Navicula



cryptocephala,Stauroneis phoenicenteron,Gomphonema parvulum,
Nitzschia palea and N. subacicularis were correlated with concentration
of endocrine disrupting chemicals and heavy metals. Diatom community
index (DAIpo) and pollution tolerant valves (PTV) indicates the study
sites of Fazi River were moderate pollution. Generic index (Gl) showed
serious pollution. Trophic diatom index (TDI) indicates the
meso-eutrophic. These four indices demonstrate the ecological status of

Fazi River.

Keywords: industrial effluents, domestic effluents, benthic diatoms,

diatom indices
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AP ApRE R B b R et PR RARR N AT R
& sk (Asmus et al. 2009; Karr & Dudley 1981; Yagow et al. 2006) > &
GRS gtk B B N A uE A R
S%F (Simsetal 2013) o @ &g 8 5 i g B F - £ L&D
4 F 39 (USEPA2002) » H ¥ » ¥ e % Fl 5 £ B F L 4 5%
+ 222 (Rott 1991; Stevenson & Pan 1999) » # 4 i % {22 % ¥ F 3
BX 4 Rk RT3 38 (Snyder et al. 2002; Chessman et al.
2007) » 4% & 7 ¥ (Sladecek 1986; Zgrundo &
Bogaczewicz-Adamczak 2004; Soininen 2007; Tan et al. 2014) ~ -k /& -
pHiE 2 3 3= 4% & (Panetal. 1999, 2004; Wilby et al. 1998; Leland &
Porter 2000) s % i¥% » iE = T Z P F g AHE B
(Round 1991; Kelly et al. 1998) » & & iZ_crk % & 5Pk k218 % 4 i
SRE KRR R 2 gk (Descy 1979; Kelly et al. 1995; Smol

et al. 2005) -



S NRRARPFR

BRI R A N LB EERAES G5 R farnk o
¥ -k = 4 (Duong et al. 2006; da Silva et al. 2009) - 1 #2282 4 3¢
KGR R B BB FEFELABT LR LS (Kanu
& Achi 2011; Bere & Tundisi 2011a, b) #3-k%8 g% i+ (Correll
1998)  * E BB FEFELLEHL T HEL 2514 (Blaisetal.

1999; Agence de I’Eau 2002; Crane et al. 2006) -

2.1 B&

FEPOT 2 NHS 24 8= 44 A Fhw F 44 Lik- 3 7
F#jzp & F1%  (Leland & Porter 2000; Ponader et al. 2007)» /7 "' £
PpnY REEARE T OABICAT FEFEREF ET F L
5 $k 1+ (Schonfelder etal. 2002) - 1z % B #42r § e} 87° 4 F 4o % 6
Bam oo i3 A g E chik & LI % (Werner 2009) - BIF k4 3 5 i

gLTHRE A FRF S R EMAS L (Lotter 2001) -

BB Y AT®EDT $74 45 > Mufioz £ + (2009) t& FL7



“%ig’ﬁﬁf?‘}ﬁﬁjﬁﬁiﬂ VR 2 h B R B /'{LF:T’};[ %:172 ERE Y=gl s A
fo PR T oA AIRE ,‘{”5}37 @:m/};_)ibhi e% 3547 E#%‘%;”zggﬁbitzzw‘&

e

X
=P

A G e anid 737 (Ricartetal. 2010) # X 3 2 £7 %
1% 128 (soluble reactive phosphorus) #2584 5 Gomphonema
parvulum ~ Nitzschia umbonata ~ Navicula atomus var. permitis ~ Navicula
subminuscula 4= Navicula veneta; % ™ 7 € ¥ i3 175 12 R B2 Ffa

= Amphora pediculus % Navicula cryptocephala - m Rhoicosphenia

abbreviata ~ Navicula tripunctata 4= Navicula atomus var. permitis £

BB AR M o Ricart & % dp o BRINET B R L TIORE RA
FEFRE R ns g E
o b

Duong % 4 (2008) *ti2 Wz @t in » 3R RHETEEER
ZApME o BRET G LF REEST A RE AR 0 bl
Encyonema minutum ~ Nitzschia palea ~ Surirella angusta %
Gomphonema parvulum %8 p cdg bk B B R B 2 4EER T 2 AP H S
Cyclotella meneghiniana ~ Navicula lanceolata ~ Navicula gregaria -

Surirella brebissonii f= Melosira varuans R|22 45k & & f AR R o
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Bere (2014) *+= & e 3 » F I EF S AR N 4 HiIF LAt X
K # 4 Neidium ~ Eunotia 2 Aulacoseira % e fd ¢ it < &
% 2 #a4c Nitzschia palea ~ Gomphonema parvulum g Achnanthes
lanceolate # #7P~ik-Bere 35 113 o fEFw R AR TR F KT F o
RFLHFLh LRI o GE kMY ohE 7 B Hde
g& (Cr)~ & (Ni)~ & (Cu)~ 4 (Zn) ~ 4 (Cd) fr& (Pb) * £ 5 >

T PR AR E R REEA 25 £ & (Bere 2014;

Morin et al. 2014) - 4- Nitzschia palea ~ Gomphonema parvulum £

Achnanthes lanceolate % & fd & £ = 4% B T 7 £ B% (Bere

2014) -
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R R D TR RA R Ry & 1 dp 8 (Trophic
Diatom Index, TDI) % = 4 @< 4= 7 ~ # (Pollution Tolerant Value,
PTV) (Kelly & Whitton 1995; Kelly 1998)- Atazadeh % + (2007) ** &

PR TRIE

ﬂ\?i

% ko1 AT 2540 Navicula % Nitzschia &/ 42 &
+EME 4o kB e Achnanthes 7 Fragilaria &z 8B L2 2 5
ke TDI & A 556 A 4 7 POP ~ NO;-N {ri% ¥ £ (dissolved
oxygen, DO) B E4p i > ¥ w39/t ANk F e o

= BR A€ * #2457 45 8 (Specific pollution sensitivity
index, IPS) » Goma% + (2005) *t & 719 L RS ® 157 0 0 S5 B
& At 2. Ffd4e Eolimna minima ~ Gomphoneis minuta ~ Navicula
gregaria = Nitzschia inconspicua % ¥ ™ #FevR B it m J| > ¢
IPS if & L% i@ "k Bk o

Triest % 4 (2012) #- IPS Ji* »t#u4 22049 ' » & % Nitzschia
palea 77 tRELGVEF T B F > T ARAT i*%t*%%i:&‘_rj-&gi\g%c » I35
% HEE &% 7 i 57% - Gomphonema angustum 3 % # £ % = ¢h
Befd o TIPHEHEFEEEFVE 22% > IPS #ciE ¥ 1.35-3.54 >

G e Y 0 60% HE A D B A BT § S
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¥ %% % dp #c (Diatom Assemblage Index, DAIpo) (Watanabe et al.
1986, 1988) = = >t p & » f* -k %F (Nitzschia palea ~ Mayamaea
atomus 4= Gomphonema parvulum %) % -k & f (Nitzschia
frustulum ~ Navicula gregaria = Synedra acus %) 3= ‘K88 e /f -k 42
B o

Park % % (2014) »t g ®#7 "% (Sinchun stream) 2_ & * 7= % >
K % 2ok B 8k DAIpo #cie 5 93.8-77.5 0 B AL
Achnanthes convergens £ Cocconeis placentula var. lineata ; % | *< it
KB 1 e DAIpo Hic i 5 70.8-45.9 0 B GRAE G f LI A
Eunotia exigua ¥? Achnanthidium minutissimum % > &>t B ¢ K-k
(B-mesosaprobic water) I a g & k1% (o-oligosaprobic water) -k F o

ST K R R e T 2. BE -k EAA S Fragilaria
construens var. venter 2 Nitzschia amphibia % > DAlpo # & 7 33.1 -
21.8 > %57 B>t a ¥ ki (a-mesosaprobic water) -k & o A2 T
DAIpO sc A& * »% /R BRG] oo

Jakovljevi¢ % 4 (2014) %% f ‘& i plz# DAIpo ~ BDI ~ TDI 4v
IPS v ff4; #4740 8 - DAIpo #ci® 5 31.66 - 79.48 » k7 7 'E 3 Bhit

% % % K-k (polysaprobic water) ¥ B *® & -ki% (B-mesosaprobic
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Passy {- Bode (2004) ** % Bl = # E#-3| M-+ 4pdc (Diatom
model affinity, DMA) » 41 #* Achnanthes minutissima ~ A. linearis -
Cymbella ~ Fragilaria ~ Synedra ~ Navicula f= Gomphonema % & &
= OEE %ﬁ-? e FE A B TR ehdp i R R B ETORORT R R o T
5% & S M4 8 (Generic index, GI) (Wu 1999) ~ i= % £ 45 #i(Pollution
Tolerance Index, PTI) (Bahls 1993) % ip #icta ikl DMA i * 44 > 5%
Bt DMA v F prip " ihg 5 T 4 o

R oo B R RAAp R @ ] Fla B - g
R (Kelly et al. 1998; Pipp 2002; Rott et al. 2003)« £ &) %k 35 »
FOE A (2012) B FALRES ARG B B R0

2 # 45 # (Biological Diatom Index, BDI) (Lenoir & Coste 1996) i

22 %% 5 NO-N -~ iE4Ep «Tﬁﬁi (CODkmnos) fiz ¥ £ (DO) »

=

FEX 2 74.1% ; # % %h4p #ic (Generic Diatom Index, GDI) (Lecointe
etal. 2003) i f3 {2 ¥ & 52 535 £ (BODs) f= NOs-N» & 7z
563.0% - d & %k BDI 4 GDI &4 it 247553 Bl ¢ &
REZARS > Bt BDI {vGDI 3 Lz dif * dupdic o

Rakowska {= Szczepocka (2011) iplz&idk fF cr# 2 89 ch= fa#

% W47+ %k (IPS~GDI 4o TDI)» %% &= IPS 2 GDI i@ 52



RokAPM crdp o BEFHERTRIEBE A /M L35 E5 0 4
B Fz2 > TDl MR Rfcrife B R L 4pR > 25 £ 5 f 400 -
BERRAF R L RF Y A R A TDI ol
BERSEREFREDLF RV

F e e 4 dp oenie * U] A PR R fEAR 0 2 a4
(Archibald 1984; Wu 1999; Morales et al. 2001) » & 3t F 12 &g fcdi T
%8 (Hasle & Fryxell 1970) > e & feciysin g & o2 5% > °» ;{ﬁ“q;
BB FETIAEFTT AR A4, P i (Bailey-Watts 1976;

Babanazarova et al. 1996) -

s BHAFEERY B HEETY

B 7 e g (Metagenomics) i ﬁuj% SR TR B IR
440 DNA > SHAMAFle TR E » AT RBEHRS 977 M2
P2 @Az BT R4 (Pace etal 1985; Schmidt et al. 1991;
Handelsman et al. 1998; Handelsman 2004) - Venter % 4 (2004) 4z &
2R A okaE 2 AF R TR F A4 B 1.05x10% Bk A ¥ B R
I 1,800 FEATE s A Forr 1.21x10° fE KAk zedsz AT o

VARMAFeF2 Py ARRE Y AT g PO

HoLeF AL BATYLE D rEZ TR EHET T (Tringe

8



etal. 2005) & %€ ¥ 25 Hbrings B o o At % % B e (Next
Generation Sequencing, NGS) z_ #2;\ fi 8 ¥ & 74 = & (Horton &
Bruns2001) & & 48 A Flie 4 B LY > R4 R FT 2 A
TR ek F O A F O E

LREN REMAGEA 2 PG W S 2 (Hebert
et al. 2003; Luddington et al. 2012) - DNA# 4~ i% 7% bt 48 & (Hebert et
al.2003) > A FF AL EBIREF EAFEE BARBE AT S D
it * (Hebert et al. 2003; Moniz & Kaczmarska 2009; Zimmermann et al.
2011; Hamsher etal. 2011) o P &0 2 2k AR L8 * ciffiee 3 v f& 0
M wmred 2 5 (L= H <~ 2 F] (mitochondrial cytochrome oxidase |
gene, cox1l) (Evans et al. 2007) ~ # %48 1,5-= Epa s fr #5281 fs 2L 7]
(Ribulose-1,5-bisphosphate carboxylase, rbcL) (Kaczmarska et al. 2007) ~
7P AL T #4871 % (internal transcribed spacer, ITS) (Litaker et
al. 2007; Moniz & Kaczmarska 2009, 2010) 14 % ¥ pE48 18S =t H ~

£ 7] (Zimmermann et al. 2011) -

He scoxl 2 rbcl ¥ F 5 BB L3 BIEERE R
ERSS AR SRS F IR R £ A Sl

4~ & (Evans etal. 2007; Mann et al. 2010) » £ H &5 52 5

Sellaphora & shiEfa & * coxl 2 4 ik 4% #-2_ (Lange-Bertalot



2001)° e ALk A g5 08 e IDNAITS A 7> B> vz ITS A&

FIELF R REFOTHRET B ITS 53530 e b i

F_&

BEY R E ITS YEERS “TLE B RTA ITS #

1

B eFEe (Mann et al. 2010) -

18SrDNA £ % & i a3 »c% ¥ (== £33 (Kooistra & Medlin

1996; Medlin et al. 1996; Beszteri et al. 2001; Friedl & O’Kelly 2002;
Sorhannus 2007) - & 2% 18S rDNA

3 ’ﬂy

Z_FE R e coxl fr rbecL oo i
Hyrpe FAL R en Bt ®  (Kermarrec et al. 2013) » &g B % (5%
Bw 8 A S8 chile o Jahn £ 4 (2007) sk EHFT T 0 HE o
2 4E48 18SrDNA & {7/p3& » 11 699 if B 7122 GenBank %
AlgaTerra - 41 62 7 "R G 48, (AP & 92%) » & #-4p 1V &
B 98% Mt RIS fEEcEED 56 fE0 NN EMAY A
A FIFR LY 2R 8T 0
cuspidate = ¥z 4p o2& 13 96%> ¥ F 3 - B FAE 3 #H&I] Jahn
A

RE R S PCR M 2 4 95 T T 3

3

Navicula recens %2 Craticula

FEehr a0 18STDNA 7 AR E 4 s i s o

Moro % A (2009) m %448 18S =t H ~ L F|K 515

BaciF/BaciR » # #fi#t if ¥ F JE 0 HF T 190 F T o ¢ A

B 96% koo Figd At ieriR 2 SR TS Y R R
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BERM%- % 7 LPEH 18SIDNA #3513 L3 B & - |+ i
et W R A Ry B E AT AR R o B Py
BaciF/BaciR ## & H&Pipfr? RIER KR TP F i i FR-
S E ARG B oo BT PARM 18SIDNA i % StF i ATRE

3y I o ,oBE g e
Hx il iy g e

Mgz Py 5@ i 2 (Tschen & Li 1974; Li & Chiang
1977, 1979; Huang 1982; Chen & Lai 1984) o f (& B 457 4 & %3 e

TR* F T 5 7 %41k WU |- Suen (1985) 23 & # 83T R %
T B e 2 RAEA RS PR > RORIECK AR~ F Rl F oA

% Fe#g s~ % > % IR Fragilaria ~ Gomphonema ~ Cymbella ~ Synedra -

Surirella ~ Melosira ~ Navicula % Nitzschia % # 735 % &g "%~ 4

;:\

CBEF e TS KT aR

Wu (1986) # 1 &7k &R HFEw R mE2 a1 37K TG
LM B R Rk (oligosaprobic water) * 4 S o ¢ OF -k
(a-mesosaprobic water) » # e E R 2 S ARMAET AW Ao D o
FHRE AR R R R B E A ¥ )] (araphid pennate)

F oa¥te oA (centric) # j 2+t ] (A/C ratio) (Stockner 1972) > % 1
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AIC » g/ = LR 4em T % o

Lai f= Chen (1997) # & ¥ 38+ 7 %~ B %2 B L L (A k% -
REESBBES ABFIE) 2547 19H0fEF E > HP R
3 Achnanthes ~ Pleurosira ~ Caloneis ~ Cocconeis ~ Cymatopleura -
Cymbella ~ Diatoma ~ Diploneis ~ Fragillaria ~ Gomphonema ~ Gyrosima -
Melosira ~ Navicula ~ Nitzschia ~ Surirella ~ Fragilaria 4= Synedra %

17 e F s 2 P53 E 350 5% A EFHUP X T ez

S
-1\:\\4
|
gl
-ﬂ»
M
\F‘b

2 E g it g b Lai {o Chen 4%
W L RB T EFER R B ERSL
Wu (1999) # = % & & ¥ 4a 8 (Generic index, GI) {1 * # 73

A= sV
x T s 4

k)
‘Zmr

i 4p 15 R -~ im0 = 4 > Achnanthes ~ Cocconeis -
Cymbella % sz 4p 156> % #H L4~ % @ T ' > Cyclotella~ Melosira
fo Nitzschia = 7= A4 » EHLEF 40 2 * 3T R
MABPE G I SR FET F ok PR FERR G AR
(Wu & Kow 2002) -

Hu % % (2007) f1* 5 & & B4 sk (GI) ~ & %8 (Index of Biotic
Integrity, IBI) (Karr et al. 1986) -k 4 & 2 (Family-level Biotic Index,
FBI) (Hilsenhoff 1988) % 4p ik RI# 5 e 0% > 5% Kor e ULk

Tk 2 RY

‘—\\}

i3 }gﬁfﬁ& (Gl) = B% FREHRRILE -
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S EESAEE 7 R ERNEAAMAYT o Lal &4 (1994) R
BT R (Cu)~ 4 (Zn) 242 (Cr) £ &% 2 "R~ Gt
% et (4 % Nitzschia palea % Nitzschia obtusa var.
scalpelliforms #b » j2 5 H @& " ¥ @ Feiff ¥ anie &k o

Tien (2004) # 3= =%~ #5488 (TP)~PO,” -4 (Cr)~4 (Fe) ~
4 (Ni) &4 (Zn) =% £ > &< = 4 5% & Navicula~ Nitzschia
Cyclotella 4 Synedra H}3RAE % o -k ¢ chidpidfomifpt @k B ford 314
FoEmre N R kR T R ARM e ph A2 R K A2 ER

FEAPM > VA R oRBALE RN AP il A R T adE e
ok ROk P 4k R M (Wood & Wang 1983)> ¥ & Tien + 45 11 # &
e ¥ b R4 (Cd)~ & (Hg) frés (Ph) * e E £ kR

3P BN -

BFEAFTRFARFOLP I M MR EL L2 LG

Erp o AT 0L 0 f ZfRGCRER AP g BB

-

Bt BcE R R TR TS A E O F T B ke g 2 f
BRI Rt P F Iy AL B I REEET R R

s P EED L R



Hilfe 2

- REERERES B

PRI ERR S ANABOREREA B AR L F L AR
T2 PR THEE DA RO REEERE S F kRS
FAHY RFRSHLRBF ETRF LS P T BRSNS B3R
ALY 2B F R BB E R FRNAESEZEST LA
M2 F o2 E 212522 kG ff 132 T2 22 (GEAK ] F

SE)IRELT D R BFENEG VAAT BRI L e R
ESRIE A B a\/“’fﬁg\ﬁl’i/”— e LERE SR BARTRER
Bl % cin w = ¥ P kgt~ B 30E (Bl- ) e Bz BRGTT ST
HEB O PARERT L XEO6BAEEE ()

2014 # 70 10 P BB E RS KM E AR S RRE
PAHEBRERETRAER > ¢ 2HREF P - HRERTLER
BACKMEBRSKTFTIEREES 247 FRREFFRERR TS
42 3% (NIEAWA415.53B) o 2 8§ # e pF » > L R BLIEAE 1 O ¢
kP REEP- 3R SIS A U R EE o A HE MR AE Y
BT RRT OREF REE O RES - BRKEA 2 BRI

PR EES BR LKA (Kelly & Whitton 1995; Wu 1999; Tan et
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Z s UEHEBIREF R S R
A BLigth* 9 g

Bt A2 AT RFIB-R R Bx5oem’ S REFP i
WA M E A RBRRESR Gy E Y o 2 BRA o

Btk AR Y 4C TR - B o ",fé Z4-k% 10mL -

B. #iFF Fea%
fid ik 3 KT AP B REIEN e BTG 84 (Hasle &
Fryxell 1970) » 1z if 18 % g e ik 5 SR AR AL 0 BJdR E
F* Wu (1999) 2z = 24T
1 10mL # A phagges 4 P393 R & o
2. * xR T gk 1,100g e 10 2480 ) 2 K,értj R Kk o
¥oFE M ImL A o
3. R o g pAer 2mL iR £ (H,SO,:Acetic acid =
1:9) » 13+ 100°C - 110°C +4r#4 30 » 45 > » f35 B F -
4. xR ¢ L 4ris > 11 1,1009 Frew 10 A 4 Kf—i R AL o
5. 4~ ddH,O0 fek 28 £353 > 12 11009 #tw 10 & 45 > Kﬁi—i
R AN ImL Ao E4F5-65 0 kERTER

oo R A G RR AN R KRS F o Rpat 4°Co
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C. kgt ¥ i 2 8 &k
PolOpl iR 353 2 4k & 0 F Y TR AU RE Y
# 5 % Naphrax™ (Northern Biological Supplies Ltd., Ipswich, U.K.)
(Wu 1999) 5 - & kg #icdt (Nikon Eclipse 80i, Nikon, Japan) 1000x
FTRRE R H - ¥ % (raphe) 2 & (areolae) - F &gt B3t

35 400 5 B EEo

D. ' T+ k&

wetRAE T > R T+ Biks (scanning electron
microscope, SEM) dp## J A8 o Boif B Rk A5 30 0 12 mm 2 13
FRF I RGc- s NERBF HONEYU S o o4 (lon Sputter
E-1045, Hitachi, Japan) £ 44t > 1 4F4 3% = + st (S-4700 SEM,
Hitachi, Japan) 4p# (Govindasamy & Anantharaj 2012; Taylor et al.
2007; Baytut 2013; Pennesi et al. 2011) # Je##3] i5 o &35 Krammer
4= Lange-Bertalot (1986, 1991a, b) ~ Krammer (2002) ~ % %4 -k # & &

# (2 & m 2000) EFF KRR
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ERNESEE IS 5 10
A P Ak g
P AT A T RIRIB A B A > b x B F O 2

B e A7 B =k 15 B~ 0.25mLo 5 23t -20°C sk E X 49 B~ DNA -

B. # & DNA eh% B
# 4 12 PowerSoil® DNA Isolation Kit (MO BIO Laboratories,

Carlsbad, CA, USA) X B-{pe > = 2

\\\ﬁr

’3;” g L Yo

1. 2~025mL 2323 tkx ~ ¥ » PowerBead Tubes » > ff-& F ¢
wABEERSIRE o

2. 4t > 60uLCl A% » BT RLBENRET R
(Vortex-Genie 2 Mixer, Scientific Industries Inc. ,USA) * » 175
BHEERT 10 4480 Bwmre ko

3. ¥ FE T2 10,0009 s 30 Fy 0 P RFRS I 2ml s
o g e o pERL g B

4. 4e » 250 UL C2 3R ts BF 54y 0 & » 4°C k44 5 A 4 o

5. 1210,000 g #1448 #-600 uL * i # 3 2mldge § ¢
e r 200l C3 30 » ‘BRI E ~ A°C ki85 A4

6. 210,000 g4t 1A 450 #-750 uL #5452 2mL g § ¢

17



HHA-62 P HE IR~ e S R

7. 40~ 1200 L C4 3R s RF 54 #0303 &L B 675l

R L% % Spin Filter 15 » 2 10,000 g &t 1 4 48 > 3 #-5% 1%
ﬁ% K//f o

8. 4 » 675 uL i &% 3 Spin Filter> v 10,000 g &< 1 A 48
T #% "f %A o B AR e & e 4e »~ ££12.10,000 g A 1 4 48
wa/% /Ji"")'r?'%? BLBW”K‘!%/}E&F’J” /%\/féf% DNA

P HETRL 32 p 2 DNA L4

V-“_
EA
o

9. 4 » SOOMLCSJP/&:"V 10000@]1&}3_» 307];/’1"%;' f %

£ =x 2 10,000 g &= 1 4 48 0 #-Spin Filter -] w3 £ 3 F7e022

oy
¥
-

mL g 7 > LR EPA T HCERR - M HB
RGBT
10.4c » 100 uL C6 7% ;% >+ Spin Filter ehe ¢ 5+ » 12 10,0009 #t
= 30 F) 0 #-DNA B &1 o B8 K,ért Spin Filter » # DNA % »%
-20°C &% o
C. RéprslfF A2 N 2R
17513 BaciF (5-AGATTG CCC AGG CCT CTC G-3°) 4= BaciR
(5" CCA TCG TAG TCT TAA CCA TAA AC-3") (Moro et al. 2009) (F?
GA PN P L) BT £ 4 <9 MIDs (Multiplex Identifiers)

18



(B2 2P > 2#) H %54 % 18SIDNA & 7] - & B PCR
FIRgw? > 73l+ 2 05uM~02mM 7 dNTPs ~ 1.5 mM
MgCl; = 1.25 units = Taq DNA polymerase - * J&i% i+ 4™ > DNA
A3 04°C 7% I o 4mit H M > 218 94°Civ* 1545 » 513 3+ 56°C
T E A5y T2°C T W 1 A4 30 BIETR 0 B {52 T2°C T
FR8rdh T BaElCRirk (Patifrad o).
PCR # 4= * Agencourt AMPure XP Reagent (Beckman Coulter)

iv > 12 Agilent Bioanalyzer instrument & i* (F? % & = L5 2 7> 5 %)
Py EAFPPCR AFREZT - ¢ 7 » 11 454 GS Junior System
(Roche Diagnostics Corporation, Germany) <+ Si& 7 2 5 (P %4 4~

PP S

D. 4% FR &2

TRZBEFFAY CEFFETER A 250bp P %A A
(Zimmermann et al. 2011) » * USEARCH 8.01 #c4%2 (Edgar 2010) » ™
derep_fulllength #2 5 & {8 3|47k 5 71| » & 17 cluster_otus 42 /5 ¥f 2% 2.
REI7% &FARIAFE PR LR LM 21 OTUs

(operational taxonomic units) (Zimmermann et al. 2015) > & i * 3 >+ 97

%2 B BT >aarE OTUSZ B2 T 3§ - 2 ¥ 0TUS &

19



712 NCBI 7 BLAST (Basic Local Alignment Search Tool) (Altschul et
al. 1990) 44 fE-97% 0 Ap R ] T HE T B 2 3 A (Visco

et al. 2015) -

E o~ FREANF T LT

* 3 5K Rl (Lamotte, USA) T Rl € & kE B
# B -7 # R (electrical conductivity, EC) 4% ¥ £ (dissolved oxygen,
DO) - "k itk 2 AL A P-4 0 Mg E 2 LF ARG LRI v 0 F

G ACHE - FRFEFEIELELEBZEA Y ARBREMFE IR

’ﬁ‘

BL2 R AMFRIERES F¥ T80 %3 %% Sk -
WRIRBAE 52 kiR o ed@ e 3 542 (electrospray
ionization, ESI) » # & #&#-3% (positive mode) 4.5 kV 2z 7 & » i &k »
BRI T AL T ARG > AR AT R BT K
(UPLC/Q-TOF/MS) # #:» & * Acclaim™ RSLC 120 C18 41+ 5
MM 25k ~onik & 248 0.3mL Jinik o A 3T 5Ha S 2 K 47 H)

EORAFE TR (L SRAPEF RIS (0 5 A 8T

fl

)O
Rk E & BRSNS e o RS SRR G (L mm) 5o %

SIASLA AL RSN BRL A ETHEEER 16

20



L4c#d 120°C fawin 6 )P I itRge g PR RWE
T J“F% Ja & 4 54563 &% (Inductively Coupled Plasma Spectroscopy,
ICP-OES) # 45 thA +7 8 k& (USEPA1996) (X% ~ £ Rz 15 ¥ 1
RE L ORBEAFETILEIRE) -

Bk & BBdp ¥ RIFE 4p i (Nemerow 1974) 35 € 4

FAARR O M RFERELFEL ES R R ATE T

}

Il
[
Hv

ERHB AL BB 0 E 2N SR

I~ B
A 25 Rtk

2 PRIMER 5 (Clarke & Warwick 2001) &8+ 5 2 2L & chde
faE % & (Species richness) ~ Shannon-Wiener %  {*4p # (Shannon &
Weaver 1949)-Pielou 323 A& (Pielou 1966) % Simpson 45 # (Simpson

1049) o 2+ 5 2 & SRS o

B. #  J 44

Rypr B R B B 2N (eSS ) AP RE R K
(DAIpo) (Watanabe et al. 1986, 1988) ~ #* & ¥ & i 3p 8 (TDI) (Kelly &
Whitton 1995) ~ /3 2 @< #» fa | ~ 3 (PTV) (Kelly & Whitton 1995)

2 5 & 5 R4 ¥ (GI) (WU 1999) -
21



C. ¥RASHEXRENURA

@ * PRIMERDS #icd8:- 5 4pin & | 4+ (Similarity percentage
analysis, SIMPER) » ¥ % 4 #g3#F (taxon) ** % & ¢ fﬁﬁ/ﬁ%lﬁ (Clarke
1993; Clarke & Warwick 2001) > 45 ! i 4 4~ 4 - 12 Bray-Curtis 4p i &
(Krebs 1989) -5 & #hEb2 # FHE AR TR e R E
& (Metric Multidimensional Scaling, MDS) (Kruskal & Wish 1978) i®
B> MR LHEZ £ R o ¥Vix Bsimilarity 358 EHAp WA 3 E
2585 Bsor=(b+c)/(2a+b+c) (Sgrensen 1948) » 12 R 3.2 vegan
package #ic%# (Oksanen etal.2012) 2+ & By ; #-35E4p 0 B &2 1k ZLEE
v XY 42w B (Astorga et al. 2012) » JE (T 3% 4p 1L B 3 FE&E2 4P B

B

D. #it %] 1@ B E 2 AP M LA 7

44 45 (Redundancy analysis, RDA) # #-m e 5 %8 T4 > {1
FAEWE AT NS BT p ATy R TP 2 i PR T
T hF 4 L & % Flac f2ff ot 5] (van den Wollenberg 1977) » = 5 % 3%
AT TRB R ISP REE 2 M1 (Ricartetal. 2010) d L4k
AR IR HA] (Ramette 2007) » 23 e — i8R 1 #1 T e 1L

F 37 A B AR G AE R RS T o M R Rl
22



B FF B FEFER CRLELEBEREFCFFEFHEL
/17 (R 3.2 vegan package #<%¥) (Oksanen etal. 2012) > % &+ #cdp &
o 1v 713 & w2 Hellinger = 2 =24 % v 2 7 (Legendre & Gallagher
2001) #A]ts - 2+ 5 RDA £ iTH - Hellinger ;2 if & g2 46 5 3
B2y bt 2 o4t (R AP REERTR P EREI G
(Legendre & Gallagher 2001) o ¥ #t » & e % ¥ E #icdp € H R BT [ 5
ERESRAEEEH/ERZ® XY $7F 8 BT EHEERRFP

S L EH Mo

23



ik
*u

- “FER R f’*?‘fﬂﬁ
A iRk
11 e s 5 e

d BRSSP R T ET 17T F 240109 8 AL A
Fia (D) AP EHEF S FR AHRBEFLAEDERNT (%
- ; Bl=) > 14 Nitzschia ~ Mayamaea ~ Gomphonema {= Navicula =
AREE S LB BREFE T33%32%~13% f- 6% ¢ 3 10/
Nitzschia ~ 1 & Mayamaea ~ 4 & Gomphonema {- 6 & Navicula -

Nitzschia 5 #F 21 2 i EH > 7 B3 i %3 E > 8
® 12 Nitzschia palea ~ Nitzschia subacicularis £2 Nitzschia amphibia *=
#HEWRF 0 A% F 46,649 - 13,556 - 8,351 f/m” ; Mayamaea
Gomphonema f= Navicula 4 %] 2 Mayamaea atomus ~ Gomphonema
parvulum % Navicula cryptocephala = % %L &% % fd -

Bk S RBHEFEEF ARET (Bl2) R4k
s (FIU-F1D) > Amphora *23 & 3 4v 140 & > W sc 5 & B~
Halamphora = Cocconeis ** € #f 4r » 4~ % 5 3.95 & {= 2.71 & ;

Surirella ~ Cymbella ~ Stauroneis f= Cyclotella *% % & 4 %]z > 0.29

24



%+0.18 £+0.17 & {v0.03 & (W=, 6A) Bz ¥k (F2U-
F2D) > Achnanthes ~ Hantzschia §= Nitzschia % & 3 4r v & #+ >

A w5 3.95 % 293 #4220 % ; # =% % Halamphora ~ Pinnularia -
Mayamaea~Cymbella = Navicula *%# & 4 %[ 3 4r 1.71 & ~1.65 & ~
1.44 % ~1.38 54 1.18 5 ; Stauroneis ~ Diatoma f- Gomphonema *&

2%

Ik

A uES 0778 071 240032 2 (B1Z,B)o 21 £
(FBU-F3D) > Mayamaea *%# & 3 4r 8.19 & > M *ctg & & =
Achnanthes 4= Stauroneis * £ 3 4c W 5 0.77 B4 0.34 & H 4%
b iEEER T EY Amphora 3 HE R 18- B AR~ (B

=,0)-

1.2 5 it 4 e 2 F R &
LR M s 25 1] 4148 0 K T KD 5T (FL-F3) -

RERLTEABH o & T ¢

L

PB4 T o R A TR (S A
S BRIERRNCSHIAHBRIERRRESOMA (22)

REFEL A AT RRN 0 D 2T o EHEE IR AgH e £
BRI ERART S 16 B fAEF R (Species richness) 12
AR T S F 0 iE 395 HAAREL] FEAT SRR o & RE

Pielou's 323 & (Pielou's Eveness) £ Simpson 4 #c4 %[44 0.39 -

25



AT {8 :}ﬁ B v 4o

TRl rl ER AT S A O HBIERFLSPETE (4

5 4747 % DAIpO % 4 /i v A 8] 5 536140 57.91 (= A, B) »

H 2R ()0 Bon A n e @B (FIU-FID) %3 o

? JF-k i (a-mesosaprobic) B @1 X R SH R EF RN T

T ¥4 w5 38.85 ~ 34.67 - 40.60 ~ 13.77 -

Ji -k 1+ (polysaprobic) %% (% = ,A B) -

BorizZ BP -Fh%ﬁ

A e e TDI

B4 %5 8439408320~ @i X w AT 4w 5 92,19 - 87.30 -

St

F R EF T A~ B 5 83.78 0 92.65 o 1345 TDI 2 7= 4 | w] &

B (aEz ) Bz BREY AR R E% 1 (Mmeso-eutrophic) Tk

8 (2 ,A B)-

PTV & &2 4 2&jnir & w5 57.9% fr51.

Bl G T76.4% o 71.2% 4 %1 X F i T

= Q2R (e ) MR 2 T

Hep gt B RET BH52 (A2 ,AB)

2%~ B 31 ',% e AT
A u % 63.9% Fe90.0%
PR AR

4R b T % Gl

BA %5 0072009 @1 EFw2xinr &5 0062007 #H %

=
e

26
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("= 5 22 A B) -
B. ¥ 2B

11 FEEESE 5 K

AT FETREE RS ET 3B 1644 2P 1Bl AR wfEp
B (BI) AP RBEFENY HFR PHREF e RFFL 1R

% 6 4p 1T > ™ Nitzschia ~ Navicula ~ Eolimna 3 3 & $53 > & ] (k3%
=3 E 50%~14%-9% fv 7% & 4% 27 #& Nitzschia~21 #& Navicula -
54 Eolimna -8 #& Cyclotella -

Nitzschia % 3+ /21 & hip$ % 7 53 a2 %¥ L > #
® 2 Nitzschia palea~ £ Nitzschia amphibia *%# & #.8 > 4 % 7 152 -
129 i ; Navicula ~ Eolimna §= Cyclotella 4 %] r2 Navicula arenaria

Eolimna minima % Cyclotella meneghiniana % % 2L &% % -

12 % i gy 2t P A K

L BAcD 27 FI5T M A REILT EARE o 8 SR

\\

17T (FLF3) 0 &2t r 15 B8R it o™ o % 4 i (54 4
3 I EF T B AL H B ERR RN T SR 9
fho 2 ih e B2 f R RIS (22 0 RORHEY 1 ER

BRI Pl g P 3 EHE R AA A feiBiia Eaaiir (8o
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Ty
’

s g
%\%;

Il
Ik

HAqr > a BRI EFR LTS REFHEH A 1IR -
Y % A (Speciesrichness) d 251 PFLR 0 LR T (8 0 g
FeF it AeT oA A e (R4 0550 B E R AT {4 0.5
I EF R T {83 4 0.99-Pielou’s #2353 & (Pielou's Eveness) ~
Simpson 4 #¥2 Shannon-Wiener i %~ %] 5 0.69 - 0.86 ~ 0.78 - 0.94

0 220-347 %4 T Ewinok (s 0 2 dpdcd e 0 A H B

A

EFFFmr g Em ()

% #f4g B DAlpo > & 4 i A& W % 8354-83.0 (%~ ,A, B)
Ror A A PER B P F -k (B-mesosaprobic) B @it
IER W B EF RN T e 6 5 5404485 40 6155115 -
R R ST L B3 a ¥ Kk (a-mesosaprobic) Ik o kin
T8 Y 5 -k (polysaprobic) B H (£ - ,A,B) e A AR
T Dl &4 % 5 5042 05349 ~ @A E R T A WG
71.06 1= 69.86 ~ # % 1 £ F % *in v A W 4 70.08 {- 73.34 5 §
& R BRI (meso-eutrophic) ki3 (£ - ,A,B)-

PTV & % 4 2xin v & %W 5 62.2% f-55.3%~ #5i1 ¥ ®2%/nr
A5 79.1% v 75.5% H % 1 ¥ B % i T A u] 4 83.5% 22 93.0% ¢

A AT R R BFERRPRE BT ERT

)

2 (%= ,AB)e XA i } TGl EAY S 040007 B ¥

28



BT Y L 001 -HBRIERRRECT L0 A2 BREYR

WERESFR (- ,AB)

W R AR REE S RS T RIT
Bray-Curtis #p 02 & #%_67.8% - 87.0% - *xji v m S 4p > R 4 xR
AR iR 5 87.0% 0 @ata EApink 5 T7.1% 0 MR FFE T
kA tsAp iR 5 70.7% o MDS RI& T~ gL 4T A7 ERER W
FHTEAE (R A) -

SRR SR B Bray-Curtis 4p i & 5£_33.2% - 72.6% -
WL T WS AR Y o R A GRS AR IR 5 64.4% 0 B EFH AP
B T726% H 1 EF w3k iéip ik 5 61.8% - MDS Bl & 7
A EEA R A7 A REER P FHE SRS (Re,B) -

PR RE TR BEE B VT R R R
S AR R (B similarity) £ 3 RS FR] o mihstie & NGS 7k
PR T REREE S MR B IR s S R
(M7, AB)e FET 4K 2 P F AP R B 5 B IEd |

SRR EES EE Y SRR RS =L SR E
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SIMPER % % B 77 » i % 3ii v + 750 RE TS HR T L G
dodo~ o A AR PR FRAR SR RHEG A R RN
Navicula cryptocephala 3% +r 1,853 & Tﬂ'}}?ﬁ}iﬁ»r—% 2.4 %8> 5 26.35% o
Nitzschia palea ~ Amphora ovalis ~ Navicula viridula ~ Gomphonema
parvulum ~ Pinnularia spl - Mayamaea atomus ~ Navicula gregaria -
Synedra ulna ~ Halamphora veneta ~ Cocconeis placentula ~ Navicula
capitata ~ Gomphonema ventricosum ~ Gomphonema angustatum =
Nitzschia amphibia %% & 82§ 3 4v> iz 2 ?p‘?}g%}i?;ﬁ 13 10% (£ ) e
Nitzschia subacicularis ¥ Stauroneis phoenicenteron = # i v {8 %%
= § 4wt 307 ~ 187 > TE)* HESHARLD437% - 2.66% -

B X w3 P T Mayamaea atomus e Nitzschia
palea ?f/g%)iﬁx% » A8 G 27.11% ~ 23.65% 0 EFE A W5 4 8,204
F= 7,156 ; Nitzschia subacicularis ~ Nitzschia fonticola - Achnanthes exigua -
Navicula viridula ~ Navicula cryptocephala f= Nitzschia amphibia &%
NS T{}I%}i?gﬁ %%+ 10% (# ~ ) - Stauroneis phoenicenteron £
Gomphonema parvulum %3 & j* 2 > & %] > 3,249 £2 2,743 (4 ~) -

R ERF ®R T T 2 Mayamaea atomus ?E/*Jc)i 56.56%
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& BB 0 %EF £ 3 4v 35,543 Nitzschia palea ¥ Nitzschia subacicularis
?E”}*Jc)i 14.61%~13.4% = z_ > % ¥ > 9,182~ 8,418 - Gomphonema
parvulum *cie v S % EHE RS 0 2 Tgf;gk}iﬁa@ % 6.96% -

72 SIMPER A 450 R 2 B2 /f S BB TR S5 87 0 @
BT TR RHE SRR L Bihdrd A4 R4 AR T b T g
%% - 12 Navicula f- Cyclotella ?i?;}?e)iﬁxfg v % 15.22% -
Nitzschia ~ Ulnaria ~ Denticula ~ Cocconeis ~ Eunotia - Lemnicola »
Mayamaea *Pinnularia Pleurosigma ~Pleurosira ~Sellaphora ~Surirella ~
Thalassiosira~ Amphora ~ Craticula ~ Cylindrotheca ~ Diprora ~ Eolimna ~
Fallacia {- Frustulia z. ?i?}g%)%.?'i 3 10% (% 4) ©

% s1 %% 4 Eolimna ~ Nitzschia ~ Ulnaria {= Cyclotella - F %
BB o AW L 2297% ~ 21.62% ¥4 = —‘g = % 13.51% - Navicula -
Sellaphora ~ Gomphonema ~ Mayamaea ¥ Phaeodactylum ﬁ}%f;%’m [
2 10% (24 ) M1 £H %% m o T 252 Nitzschia ¥2 Eolimna
Saadnr B2 BERER TEF}“LE:A\ u] 5 59.78% 4+ 20.65% -
Sellaphora ~ Ulnaria 4= Navicula ?‘)I%%ep AR Y Mo 5% (%

t)-
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EFFT AR REE SRR
it B ek om0 AR ¢ g (Cn)~ 4 (Ni)~4F (Cu)~4% (Zn) e
F(Ph) FRARA T A E T H R RE () 48 (Cd) R
P @Al i 953 LERBT LR 2 all LoD

1 gxinr i o 45 (Cr)~ 44 (Ni)~ 4% (Cu) fod% (Zn) 2 &% ™ "% >

B

4. Pb) z 22 o fidpd LASEREFFEIEE L RH
P b %‘r,ugﬁr T E

PERSFELES ST R AT A8 5 297 {r484 B0
I EFRWMT AW E L6l fr 262 21 EFHF N 465 1.64

2145 A F LA NARE (- ) B R AR BB ER

CTERFL HU PR BN RELEEFL (L)
I8 j= f % DEP (Diethyl phthalate) = ffF % 1 ¥3cii o w0 B

JE B %) 41.83 ppb ; DIBP (Di-isobutyl phthalate) = A% # 2z o @
BE > JER X 20.53 ppb - DMP (Dimethyl phthalate) 7 & 2L %
FHRERARNAZBRI EAnr s 2 ¥ AT Fanr {8

“bg e P] 51.02ppb ;L L A 0 4 54.15pph o ek
T SRR MR EM cBdpd LA A ERB AT EIF Lo B

PR Bk R A
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LAREL KRB pH B m P RS o K3 ET 5 ¢ 45 F2U
F2D~F3U-F3D: 7 #&g T % & (EC)- = Baxin-k* Tt > 3

THR (EC)%« AR T ST, B ¥

S ¥eEma e 5]
dAo g5 R (DO) R A e KR (2T B Fokin

FOoREEEEa st F5 2 RDAMM ML 1158 % > Mtk ik
TEEE TR AR R (B, A) X T EE 2 R F] 5 54% oy b
TR T 24% - BEEAAEE LB RSN A LR P
B (FIU-FID) & i@ s1 ¥-x;n v a (F2U): ® Navicula~Stauroneis

Cyclotella ¥2 Gomphonema & /B 2.3z &2 € & Hiph - d 30 4 3¢

~ PP
£~ vy >t H k2L > Amphora ~ Halamphora 4+

TR ATy T TR e o 0 XY 4T B E A

HENE LB RN (M=)

D

SRR W7 o
LR i N S i

7

BEFEF DMP it % &4 B ¥3xjir

—

cwo 2 BT IREFEF DMP 22 AT 25 (F2D - F3U) # 4 o

Nitzschia #/h2 #E 2 %87 5 DMP 4phd o d >0 351 ¥

R

Nl -

T FPEL TR B A 5 DMP 3 4c o Stauroneis &

\V‘kﬂ
).

27 D

e 18 ' 5 Achnanthes ~ Halamphora ~ Cocconeis ~ Cyclotella -

Gomphonema ~ Hantzschia ~ Nitzschia ~ Pinnularia §= Synedra *&3# &
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Al F = o v XY 470 B 1 4r > Stauroneis %3 £ 2 DMP BB & f 4p
k¢ (B ~ ) Achnanthes~Halamphora~ Cocconeis ~ Cyclotella ~ Hantzschia -
Nitzschia ~ Pinnularia f= Synedra *## & fv DMP k& & L 4p M

(g],\) °

{

MR R R AL AT g % (R, B) 0 X T R 2

K

RFE T4% yv 2 %755 11% > © 8R4k RDA &%
FARRARE > XA B AR S L R TATE P RBEE RS

Pt F S AR MRS AT R A F ot L AT R
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EELEL

- P ESEE

AP MERTEZD AT ERESBP R R L& 1T 42
fo o APt R AIE 2006 £ 2 B S EL RTINS ET S BIRG
Bkt 53 24338 F - FHRERVEZNE 0 2]
R R PR S RIS o XA L AR B3R AP
FARRER S NI EABL S 1 ER BRI ER RN
1973 4 » 5 ¢ @A HEF E L v 3t 2012 & > AFTF 5 2006 &
MK FALFL L LRABE S A RIS - RFELEL
GRS STS ast TN 2 Lu £ 2912

kAR (2006) ¢ odp o B AT IE S AR AT kR
Fepp ook d R AL HRERAES SR R HEE 0 2ok
BRI ABHE AR TRES BREF R R P REFEL P I
Mook d G ORIERRTERMK > R ETY T R IR
#% % (Steinman et al. 1989 ; Lange et al. 2011) o #* *F » o >v 22 & ¥+ 4 &
%3 ¥+ (Soininen & Eloranta 2004) - 822X &% e A H } chie /5 %

BREIHRMEVERFLAR R I HEF RO REL LG ER 2 AL
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(Bere 2010) > A 3 etk ® > Fl#F S FHT > R E RS EE D
KR KRS 0 6 BRSNS R

oA ekl Ey 3654 B¢ o 5 iEkiFF 28 56
f& (2 2000) - Lai f= Chen (1997) :## & & %/ & 5 2> B IR
Achnanthes~Pleurosira~Cymbella-~ Diatoma~ Gomphonema-~Gyrosigma ~
Melosira ~ Navicula ~ Nitzschia 4= Synedra % B&% &/ - 22 1 % R
# 3 2% %7 Nitzschia ~ Mayamaea ~ Gomphonema ~ Navicula
Eolimna; fe -k {1 % (2006) :# & 4F 4 ~ 45 &1 Navicula~ Nitzschia fr
Gomphonema 5 i+ %2 BH EH 7 LEF E{og L2 ¢ EFH T Y
AR o

kY FIRAEHE - ¢ 750241 % % Achnanthes ~ Cymbella
(Rumeau & Coste 1988; van Dam et al. 1994; Kelly & Whitton 1995; Wu

1999) » &= . 4p %% Melosira (Wu 1999; Wu & Kow 2002)
Navicula ~ Nitzschia (Lange-Bertalot 1979; Round 1991; Potapova &
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4 » Mayamaea (Zgrundo & Bogaczewicz-Adamczak 2004) ~ Eolimna

(Zgrundo & Bogaczewicz-Adamczak 2004; Duong et al. 2006) ~ Navicula ~
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Nitzschia £ 3,148 Gomphonema parvulum - &% & & pt ) = X
PUREAR .
Lai & Chen (1997) 2  t:B 5 B %y 258 F 252 4 o fkghd 5 0

Be o BB BE RS A v i (R4 0 2006) 0 AFE

ABAZ B FELZBERATHRPE B FEIETR
AR AR § o BT RS R R RE S BB Y A

25 (Lai & Chen 1997) AF7 § & F AR B2 BB Hchp &2 775 K
ForekEg:Fs (2014) B r g ? RAAEE > KTLBERG

e

F R AP R hd B e
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1

GOmez (1998) 77 3 I X 4 &2 1 FE 3/ k% Mp Ry A 5 it

PCREE BN Y TR ARAE AL PP AL
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Iﬁ_;q:{‘(n“- LT |
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SHERHEAFOBF A2 {rd T kR EF BT S
e SR (<200 2 2) THREAPT RS P REF AR

217 Fiedrip b (Bennettetal. 2010) » F)pt A A X = %@ ¢ - fkEL
B ep e Apdp 2 R E 7 B EEHLIE 4o @ 27T "% (Astorga et al. 2012) ;

FHOEAPAD 0B ZLNE R R ERARAL 4c A 3RBFT E 0 A T IRB T G ATk
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X
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BB R ERE AR ARSNGB P TSR

2 46 > 3 #2144 45 21 Amphora coffeaeformis % & &
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(Anantharaj et al. 2011) -
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HHBRBRFE FF B3 F - Pesce %4 (2011) 7% B F 5 €

oA

PR RFEE

i

Wt E EHRRRE AR

Sh

TEREERTREFE TP Fomiiegg 2 F L%
BREEVIREERTREFRE FER F OB TR KT HERE
ERE- H P AR cRDA AT SR AT F-RE 7 ii &1 4

B AR B R e Al - A
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1245 SIMPER £ RDA % 47.% % - % 3 Navicula cryptocephala
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4 £ & ig% i (eutrophication) 3 (Watanabe 1986; Wu 1986; van
Dam et al. 1994; Triest 2012) » & 5 % /= % @< & (Lange-Bertalot
1979) - e % 2 3 N. cryptocephala *%## € { & £ HE R 4
Bde o M RABAEHE R > VL RME £ BT LA HE -
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Table 1. Location of six sampling sites in Fazi River.

Bk AT ¥ o GPS i 1%

o F1U 24°1038.85 N, 120°3739.32 E
RN F1D 24°1037.10" N, 120° 3737.43'E
. F2U 24°09'18.81" N, 120° 37'18.07' E
B % F2D 24°09'16.83' N, 120° 3717.29" E
s F3U 24°0757.12" N, 120° 3707.07 E
(A A F3D 24°07'54.25" N, 120° 3708.21" E

73



2N BRI EYEZP R AL (B/m) .

Table 2. Diatom species compositions (individual number / m?) identified
by morphological method.

Species FIU FID F2U F2D F3U F3D
Achnanthes exigua 489 511 227 1,124 689 1,222
Amphora ovalis 4 564 9 9 4 0
Halamphora veneta 44 218 49 133 54 13
Cocconeis placentula 49 182 106 120 120 18
Cyclotella meneghiniana 1,880 1,818 991 1,240 1,365 391
Cymbella sp. 49 40 13 31 0 0
Diatoma sp. 116 191 333 98 164 102
Diatoma vulgare 4 4 4 0 0 0
Gomphonema angustatum 0 116 31 40 9 0
Gomphonema parvulum 2,284 2,662 8,116 5,373 6,511 2,138
Gomphonema sp. 27 18 4 4 0 0
Gomphonema ventricosum 169 293 262 333 471 76
Gyrosigma scalproides 4 4 0 0 0 0
Hantzschia amphioxys 102 133 155 609 311 173
Mayamaea atomus 3,094 3,409 5,698 13,902 4,342 39,885
Navicula capitata 302 427 133 378 120 35
Navicula cryptocephala 1,098 2,951 689 1,426 422 285
Navicula gregaria 53 320 62 18 9 0
Navicula menisculus 0 0 0 36 4 0
Navicula rhynchocephala 258 360 329 284 227 378
Navicula viridula 840 1,329 200 938 115 22
Nitzschia amphibia 1,253 1,365 1,013 1,707 1,640 1,373
Nitzschia clausii 45 9 80 62 49 9
Nitzschia fonticola 480 413 556 1,525 1,111 476
Nitzschia frustulum 107 75 53 84 67 151
Nitzschia palea 3,663 4,320 3,031 10,187 17,320 8,138
Nitzschia pusilla 49 35 44 102 22 4
Nitzschia sp2 4 0 0 4 0 0
Nitzschia paleacea 36 84 9 40 0 0
Nitzschia sp4 0 22 0 0 0 0

Nitzschia subacicularis 605 298 293 2520 9,129 711
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Table 2. Continued.

Species FIU FID F2U F2D F3U F3D
Pinnularia abaujensis 80 62 4 0 0 0
Pinnularia borealis 0 9 0 0 0 0
Pinnularia spl 587 947 347 938 387 93
Pinnularia acrosphaeria 0 4 0 0 0 0
Pinnularia viridis 0 49 4 4 0 0
Stauroneis phoenicenteron 1,094 907 4,236 987 1,355 1,809
Surirella sp. 31 22 4 4 0 0
Synedra parasitica 4 9 0 4 4 0
Synedra rumpens 111 53 27 227 22 4
Synedra sp. 4 4 13 80 574 253
Synedra ulna 458 635 747 613 902 453
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Table 3. Diversity indices of diatoms results in six sites. Species data identify by morphological method.

. Total Total Species Pielou's Simpson Shannon-Wiener
sites . e i . )
species individuals richness evenness index index
F1U 36 19,467 3.54 0.74 0.90 2.64
F1D 41 24.876 3.95 0.74 0.91 2.74
F2U 35 27,872 3.32 0.62 0.83 2.22
F2D 36 45,184 3.27 0.63 0.83 2.27
F3U 30 47,519 2.69 0.61 0.80 2.06

F3D 25 58,212 2.19 0.39 0.51 1.26
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Table 4. Classification of water quality in Fazi River calculated using four

diatom indices. Species data obtained from morphological method.

(A) Values of indices. (B) Classification of water quality level.
(A)

F1U F1D F2U F2D F3U F3D

TDI 8439 8320 9219 8730 83.78  92.65

PTV  57.9% 51.2%

GI

(B)

F1U F1D F2U F2D F3U F3D

TDI meso-eutrophic meso-eutrophic

organic polluted
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Table 5. Diatom species compositions (individual number) identified by
Next-generation Sequencing. If the similarity under 97 % but

over 90 %, we gave them matched genus name.

Species FIU FID F2U F2D F3U F3D

Amphora copulata 0 2 0 0 0 0
Amphora spl 1 0 0 0 0 0
Cocconeis placentula 0 1 1 0 0 0
Cocconeis spl 0 1 0 1 0 0
Craticula accomoda 0 0 0 1 0 0
Craticula cuspidata 1 0 0 0 0 0
Cyclotella meneghiniana 9 13 2 6 2 1
Cyclotella spl 0 0 1 3 1 0
Cyclotella sp2 1 1 0 1 0 1
Cyclotella sp3 0 1 0 0 0 0
Cyclotella sp4 1 1 0 1 0 0
Cyclotella sp5 0 1 0 0 0 0
Cyclotella sp6 1 1 0 2 0 0
Cyclotella sp7 0 1 0 0 0 0
Cylindrotheca spl 0 1 0 0 0 0
Denticula kuetzingii 1 0 1 0 0 2
Denticula spl 1 0 0 2 1 1
Denticula sp2 0 0 0 0 1 0
Denticula sp3 0 0 1 1 1 0
Denticula sp4 1 0 1 0 1 0
Denticula sp5 0 0 1 0 0 1
Denticula sp6 0 0 1 1 0 0
Diprora haenaensis 0 1 0 0 0 0
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Table 5. Continued.

Species

F1U

FID F2U F2D F3U

F3D

Eolimna minima
Eolimna spl

Eolimna sp2

Eolimna sp3

Eolimna sp4

Eunotia bilunaris
Eunotia sp44

Eunotia sp63
Fallacia spl
Fistulifera saprophila
Fistulifera spl
Fistulifera sp2
Frustulia vulgaris
Gomphoneis spl
Gomphoneis sp2
Gomphonema parvulum
Gomphonema spl
Gomphonema sp2
Gomphonema sp3
Hantzschia spl
Hydrosera sp CYTX025
Lemnicola hungarica
Mayamaea atomus
Mayamaea spl
Navicula arenaria
Navicula cryptocephala
Navicula lanceolata
Navicula phyllepta
Navicula sp TN-2014
Navicula spl
Navicula sp2
Navicula sp3
Navicula sp4
Navicula sp5
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Table 5. Continued.

Species F1U

FID F2U

F2D F3U F3D

Navicula sp6
Navicula sp7
Navicula sp8
Navicula sp9
Navicula sp10
Navicula sp1l
Navicula sp12
Navicula sp13
Navicula sp14
Navicula sp15
Navicula sp16
Nitzschia acidoclinata
Nitzschia amphibia
Nitzschia inconspicua
Nitzschia palea
Nitzschia sp MBIC11128
Nitzschia spl
Nitzschia sp2
Nitzschia sp3
Nitzschia sp4
Nitzschia sp5
Nitzschia sp6
Nitzschia sp7
Nitzschia sp8
Nitzschia sp9
Nitzschia sp10
Nitzschia spl11
Nitzschia sp12
Nitzschia sp13
Nitzschia spl14
Nitzschia sp15
Nitzschia sp16
Nitzschia spl17
Nitzschia sp18
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Table 5. Continued.

Species

FID F2U

F2D F3U

Nitzschia sp19
Nitzschia sp20
Nitzschia sp21
Nitzschia supralitorea
Phaeodactylum spl
Pinnularia acrosphaeria
Pinnularia acuminata
Pinnularia microstauron
Pinnularia sp1 CS-2011
Pinnularia sp2 CS-2011
Pinnularia sp3
Pinnularia sp4
Pinnularia sp5
Pinnularia sp6 CS-2011
Pinnularia sp7
Pinnularia sp8
Pinnularia sp26
Pinnularia subanglica
Pinnularia viridiformis
Plagiogramma sp 1
Pleurosigma sp102
Pleurosira laevis
Pseudo-nitzschia spl
Sellaphora pupula
Sellaphora seminulum
Sellaphora spl
Sellaphora sp2
Sellaphora sp3
Sellaphora sp4
Sellaphora sp5
Sellaphora sp6
Sellaphora sp7
Surirella brebissoni
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Table 5. Continued.

Species FIU FID F2U F2D F3U F3D

Synedra spl
Thalassiosira spl
Ulnaria ulna
Ulnaria spl
Ulnaria sp2
Ulnaria sp3
Ulnaria sp4
Ulnaria sp5
Ulnaria sp6
Ulnaria sp7
Ulnaria sp8
Uncultured diatom clone
Bacillariophyta spl
Bacillariophyta sp2
Bacillariophyta sp3
Bacillariophyta sp4
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Table 6. Diversity indices of diatoms results in six sites. Species data identify by Next-generation Sequencing.

. Total Total Species Pielou's Simpson Shannon-Wiener
sites . e i . )
species individuals richness evenness index index
F1U 54 109 11.30 0.82 0.91 3.27
F1D 57 113 11.85 0.86 0.94 3.47
F2U 44 131 8.82 0.70 0.83 2.65
F2D 48 155 9.32 0.76 0.91 2.93
F3U 27 86 5.84 0.75 0.85 2.48

F3D 36 168 6.83 0.61 0.78 2.20
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Table 7. Classification of water quality in Fazi River calculated using four
diatom indices. Species data obtained from Next-generation

Sequencing. (A) Values of indices. (B) Classification of water

quality level.
(A)
F1U FI1D F2U F2D F3U F3D
DAIpo 83.5 83.0 54.0 61.5

:

DI 5042 5349 71.06 69.86 70.08 73.34

PTV 55.3%

Gl

(B)

F1U F1D F2U F2D F3U F3D

0-meso
saprobic

o-meso

DAI - i
po -mesosaprobic .

:

TDI meso-eutrophic meso-eutrophic

organic

PTV polluted

GI
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Table 8. SIMPER analyze based on diversity data from morphological method. Results show the contribution of dominant diatoms and their

variation in abundance.

F1U/F1D RiVE THA F2U /F2D R4 E TRE F3U / F3D RiVE TRA
Navicula cryptocephala 1,853 26.35 Mayamaea atomus 8,204 27.11 Mayamaea atomus 35,543 56.56
Nitzschia palea 667 9.48 Nitzschia palea 7,156 23.65 Nitzschia palea -9,182 14.61
Amphora ovalis 560 7.96 Stauroneis phoenicenteron  -3,249 10.74  Nitzschia subacicularis -8,418 134
Navicula viridula 489 6.95 Gomphonema parvulum -2,743  9.06 Gomphonema parvulum -4,373  6.96
Gomphonema parvulum 378 5.37 Nitzschia subacicularis 2,227  7.36
Pinnularia spl 360 5.12 Nitzschia fonticola 969 3.2
Mayamaea atomus 315 4.48 Achnanthes exigua 897 2.96
Nitzschia subacicularis -307  4.37  Navicula viridula 738 244
Navicula gregaria 267 3.8 Navicula cryptocephala 737 244
Stauroneis phoenicenteron -187  2.66  Nitzschia amphibia 694  2.29
Synedra ulna 177 252
Halamphora veneta 174 247
Cocconeis placentula 133 1.89
Navicula capitata 125 1.78
Gomphonema ventricosum 124 1.76
Gomphonema angustatum 116 1.65
Nitzschia amphibia 112 1.59
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Table 9. SIMPER analyze based on diversity data from Next-generation Sequencing. Results show the contribution of dominant diatoms.

F1U/F1D TR FIU/FID F A F2U / F2D TR F3U / F3D B A
Navicula 15.22 Pleurosira 2.17 Eolimna 22.97 Nitzschia 59.78
Cyclotella 15.22 Sellaphora 2.17 Nitzschia 21.62 Eolimna 20.65
Nitzschia 6.52 Surirella 2.17 Ulnaria 13.51 Sellaphora 4.35
Ulnaria 6.52 Thalassiosira 2.17 Cyclotella 13.51 Ulnaria 4.35
Denticula 6.52 Amphora 2.17 Navicula 6.76 Navicula 3.26
Cocconeis 4.35 Craticula 2.17 Sellaphora 541
Eunotia 4.35 Cylindrotheca 2.17 Gomphonema 4.05
Lemnicola 2.17 Diprora 2.17 Mayamaea 1.35
Mayamaea 2.17 Eolimna 2.17 Phaeodactylum 1.35
Pinnularia 2.17 Fallacia 2.17
Pleurosigma 2.17 Frustulia 2.17
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Table 10. Summary of physic and chemical variables taken in six sites of Fazi River, including the heavy metals in sediment

and endocrine disruptor substance (DEP, DIBP and DMP) in water.

sites Cr Ni Cu Zn Cd Pb DEP DIBP DMP Temp. pH “EC ‘DO

(mgkg™) (mgkg™) (mgkg™) (mgkg™) (mgkg™) (mgkg™) (ppb)  (ppb)  (ppb)  (°C) (uSfcm)  (ppm)
FIU 4294 1279 3740 21059  1.30 973  nlc 2053 1851 321 813 306 835
FID 7182 4639 5626 33301 156 3758  nlc °7/c 2080 314 736 290  7.70
FU 3247 1408 2158 17421 175 812  nl nc 1953 378 860 311 101
F2D 3108 399 1816 10067 029 2836  nlc nc 5102 337 816 371 114
F3U 3029 279 1713 9815  1.00 652 4183 nlc 5415 336 840 316  8.70
F3D 21.14 0.00 12.50 74.45 1.28 11.76 n/c n/c n/c 30 “na 32.4 7.80

“EC % T # & Electrical Conductivity 45 %
‘DO % i § £ Dissolved oxygen i %

nle G kR M RER

“na i ARl
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Table 11. Classification of water quality in Fazi River calculated using
Nemerow index. White represents moderate heavy metal
pollution. Gray represents serious heavy metal pollution.

Sites Pn

F1U 2.97
F1D 4.84
F2uU 2.62
F2D 1.61
F3U 1.64
F3D 1.45
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Table 12. Number of sequences obtained from Next-generation

Sequencing.
F1U FID F2U F2D F3U F3D
raw reads 11,390 11,199 17,803 14,424 11,573 14,852
>250 bp 7,117 6,958 7,315 7,808 6,496 8,072
noising/chimeric 6,955 6,781 7,153 7,583 6,393 7,870
Diatom 109 113 131 155 86 168

OTUs

(identity 97%) 54 57 44 48 27 36
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Fig. 1. Location of six sampling sites. F1 is the discharge point of
Donghai Bridge domestic point. F2 is the discharge point of
Taichung Industrial Park. F3 is the Taichung City Precision

Machinery Innovation Technology Park.
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Fig. 2. The communities structure of diatoms genus in six sites. (A) F1U ; (B) F1D ; (C) F2U ; (D) F2D ;

(E) F3U ; (F) F3D
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Fig. 3. The changes of relative abundance changes of diatoms after the
effluents discharge. Domestic effluents (A), Taichung Industrial
Park (B), Taichung City Precision Machinery Innovation

Technology Park (C)
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Fig. 4. A Metric Multidimensional Scaling (MDS) based on the diatom
communities structures in six sites. (A) Diversity data from

morphological method; (B) Diversity data from NGS.
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Fig. 5. Relationship between diatoms community similarity and distance.
(A) Data from morphological method; (B) Data from

Next-generation Sequencing.
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Fig. 6. Redundancy analysis of diatom communities and environmental factors. Black words represents diatom communities from different sites.
Blue arrows represents environmental factors, including concentration of Cu, Ni, Pb and DMP. Red words represents diatom genera. (A)
Data from morphological method; (B) Data from Next-generation Sequencing.
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Fig. 7. XY Scatter plot based on abundance of Amphora, Halamphora, Cocconeis and the concentration of Cr, Ni, Cu, Zn, Cd and Pb.
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Fig. 8. XYY Scatter plot based on abundance of Stauroneis (A), Achnanthes (B), Halamphora (C), Cocconeis (D), Cyclotella (E), Hantzschia (F),
Nitzschia (G), Pinnularia (H), Synedra (I) and the concentration of DMP.
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ek - SR RIEE 4n Bz 3 N i A R R 4 s (Nemerow 1974) o

Appendix 1. The water quality measured scores and levels of Nemerow index
(Nemerow 1974).

n
1 12 Ci\>  /Cy\° Ch\2
N Z[H =1 Csi Csz Csn

Py P REESLE
Citi AgPFagRlEkRE
Csitl AR anT™ir AR E

n: L= 5 44 it

MRS R AR B (Co)

AL SR Cr Ni Cu zZn Cd Pb
(mgkg?) 100 100 200 250 039 150

GAERE LS R

Pn g %‘r
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Appendix 2. Diversity indices and diatom indices based the following formulas.

¢ Shannon-Wiener % #2458 : H' = — YR  pilnpi
Pi = % i Bz BHETEZ N O REZFAEY TR -
¢ Simpson 4z #kc : 1 —A=1— X%, [Ni(Ni—1)/N(N - 1)]
Ni 5% i B2 Bk
& Pielou=3 & ] =H'/logS
H’¢ Shannon-Wiener {84 > S 5 4 fé #ic -

B

F g Ripdp s ¢ 3 & R R Apdkc (Diatom Assemblage Index, DAIpo) ~ # & ¥
i 3p 3 (Trophic Diatom Index, TDI) ~ /5 % @f <X 4= f&7F 4~ 4c (Pollution Tolerant
Value, PTV) £ 5% & & i 4p #ic (Generic index, GI) 2 3-8 2 5% o

¢ ¥ J# F4n¥  DAlpo = 100 — X7, Si — 1/2 Y7, Ej
YRSt AR ApEREEE e
T Ej kR AP EE R R
& By %4l T WSM == 22U
j=1
TDI = (WSM x 25) - 25
q s p R
Sj & P FAE P T AR R BKE
Vj & P fE2 dp e
AARFAE A3 WPTV = X P A R EEE/ 2P F%EE

ajvj

. =g oge . [Achnanthes + Cocconeis + Cymbellal]
A’@ }gﬂfﬁ gﬂi -Gl =

[Cyclotella + Melosira + Nitzschia)
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gz~ B R RN d S 2 WHRE o & R g & 1t 4p 8 (Trophic Diatom
Index, TDI) (Kelly & Whitton 1995) (A)~i5 % @f < 4= 4 #c (Pollution
Tolerant Value, PTV) (Kelly & Whitton 1995) (B) ~ # i # & 45 # (Diatom
Assemblage Index, DAlpo) (Watanabe et al. 1988) (C) ~ s & & % 45 ¥
(Generic index, GI) (Wu 1999) (D) -

Appendix 3. The water quality measured scores and levels of diatom indices. Trophic
Diatom Index (TDI) (Kelly & Whitton 1995) (A), Pollution Tolerant Value
(PTV) (Kelly & Whitton 1995) (B), Diatom Assemblage Index (DAIpo)
(Watanabe et al. 1988) (C) and Generic index (GI) (Wu 1999) (D).

(A)
TDI Water quality
<10 oligotrophic
10- 35 mesotrophic
35-100 meso-eutrophic
> 100 polytrophic
(B)
% PTV Water quality
< 20% absence of organic pollution
21— 40% slightly organic pollution
41 — 60% organic polluted
> 60% heavily organic pollution
(©
DAIpo Water quality
85-100 oligosaprobic
70 - 85 [-mesosaprobic
50-70 a-mesosaprobic
<50 polysaprobic
(D)
Gl K
> 30 A S %
11-30 s
15-11 ERA A
03-15 PRI
<0.3 BE %
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