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Bryomonitoring to water pollution
—Research, application and prospect

LI Dandan, YANG Jun, SONG Yuling, ZHU Hua, Yu Jing, GUO Shuiliang *
(' College of Life Sciences, Shanghai Normal University, Shanghai 200234, China )

Abstract; Bryophytes are important indicators of environmental pollution. At present, bryophytes are mainly used to
monitor atmospheric pollution in China. In fact, bryophytes have been widely applied to monitor water quality abroad. In
the present paper, we firstly analyzed the literature of applying bryophytes to monitor water environmental quality
abroad, then summarized relevant contents of bryomonitoring, which included the types of water pollutants monitored by
bryophytes, the species of bryophytes used for bryomonitoring, the influences of the survival status of bryophytes on
monitoring effect, the environmental factors affecting the enrichment of heavy metal elements in water by bryophytes, the
active and passive methods of applying bryophytes to monitor water pollutions, and the sample preparation, as well as
some European cases of bryomonitoring for water environmental quality. Finally we also proposed some suggestions about
bryomonitoring researches and application in the future.

Key words: bryophyte, bryomonitoring, water pollution, review
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FE¥1] ( Anthocerophyta, hornworts) (2 4X,5 #l, 14
J&,300 Z R ; #E25AE 1] ( Bryophyta, moss) (8
M, 11 Bl,854 J&, K#112 800FH) ( Goffinet & Shaw,
2009; Vanderpoorten & Goffinet, 2009) , H* [E 5% 4
& HERIYIA 150 B} 591 JB3 021 Fh (BT Fnfal B8,
2013)

A BT R 5 LS, i R — el B2 R
A BOLJZ AN MR B, 1A 3 00 o A0 ) o2 7 56 L I
AHAEHS RS RG, Y HRE T
BT, B 4 R A5G Y i 0 v] AR E R 1R AR A
Mz b, R A SRR, R A AR
SR PG IR B ERBE TS Y W I RE . R ROk B 2K
MRS W AL, o 2R 58 AE Ak R ) SRR (SR K R
[F], 2001) , #& & A4 20 R B A ) o e M Al 22 3
BN T I, FEE YN E SR %
15 Gl (R RBUR AR I v T AP F A 4 ( Manning & Feder,
1980), M THEMYBMAES , AT iz, Wit
Bz N TR B R A AR AR R AL, R K
RIREE R, R T I5 Y W R B ARG T Ak 43 4 A
(R R A, (ELE: 7K A R ) 385 8 1 4 5 7R 42 JB T R
s H A Y WA AR E SRR R, DT & #E A
B FH X AR AR 75 G 1) Wl

[ N A G 55 BERT ) 14T A BT I o A 00 R A
) TAE EBEPE RS LR, X7 1 1Y 25
W L2 (Jr %5, 2000; PNSFEEFEEF,
2004 ; BLHEEBEAIT R, 2004 EEE MY L=,
2008 ; V& MER S, 20105 T Z & My R,
20115 L5, 2015) . W T 0 & B HEAT
KR W A T AR AR [ 9 JLF RS R
R RN 7 3 )y T AR 5 AR FH A 7 s A, AR
FFA AT SN B SERL Y IR AT K PR ER 8 W 5
VEAG I 5 76 B A 945 0, B 7 Sk [ P9 F i & A
P 7K A 85 S5 W AP 5 R S SR AR LA

1 #F % FEARBR

TE T R ROHE P R R ¢ AR ¢ B
KAEY “HAER” VgL R HERT <l
CHETCRPRE” CRART B T A T A A
HIAEN, 78 114 A rh SO B3 OC T 5 B A
Yy ¥ 5% Bt &= Wi W ( bryophyte monitoring to
environmental quality, BMEQ ) J7 T B8 3C 198 %,
FIAMEAE A 2E A S 38 e, X R
TRAE Lgm g 5 M AU R, LK
EEERE Y XTI Y 0 A ) N A D i 2 B
FRANTG G, RAEARZ KT BMEQ it 3L,

HJR G T & 6 Al W) 4 7K 38 55 5T 1 W5 DU ( bryophyte
monitoring to water quality, BMWQ) J5 [ ) 2% K i
SCH D A DX T T %) i A L T e O S R A
K el FEl (2010 ) A Dl A= 75 S AB P 0T 7K 1A A B8 365
A6 A B R il S HCAE K B 58 W I e %y iy v
01,91 2655 (2009) | 5K Kk B 45 (2018) A K b
TR SR Y G Jm & B S8 S 0T b X H 4x R
TCRBIEALTIAE, LA Xu et al. (2012) 5347 T W Fif
Rl A= B S A W [ A5 K & ( Hypnum hamulosum ) Fl
X H #E ( Brachythecium brotheri) 1 % Cr Fll Cd HY
WY T o

TE Web of Science #5 # H' ¥ & bryophyte,
moss, liverwort, metal, trace element, pollution,
contamination, contaminated, polluted, air, atmosphere,
soil, Pb, Cr, Cu, Cd, SO,, nitrogen, deposition, air,
atmosphere, soil, aquatic, lake, river, stream, water,
indication , biomonitoring, indicator, monitor iX #£ N %5 |
AR E) 534 5 A 1973 4E LR H) BMEQ Jr T #Y 18
3C, BT TR R A R 5 gy e Y S
7k NN S EIREE /e~ RIN S RE 7 Kz N D9 $.0)
HEAY YY) ROV S, AT E N RS,
[l Ah 2 AR 5t 56 1 BMWQ J7 1 A T4, 3% 77 1
Feln AT 49 R SC (ARG R ) X 75 i TAERY
T2 H A B RAH Trieste K%M Cesa, P4 PEF
Santiago De Compostela K 2% ¥ Debén 55, 7E b5 @l
R 49 B BMWQ BRSO A D BUR A IR
GRIOKME P HEERY) M EemEELHLY
PR R 2 8] 5 &2 5% ( Kapfer et al., 2012; Puczko
et al., 2018; Vasquez et al., 2019) , HiAY KB40
A OGN T BEAR Y AT K AR BT M ) R Ty ik
572 (de Traubenberg & Ah-Peng, 2004; Figueira &
Ribeiro, 2005; Merdanic et al., 2007; Cesa et al.,
2010, 2015; Kari-Matti & Heta, 2010; Debén et al.,
2019a, b) Wi il % 5] (Mersch & Johansson, 1993;
Mersch et al., 1993; Hongve, 2002; Simona, 2012) Fll
5T 25A (Augusto et al., 2013; Gecheva & Yurukova,
2014; Debén et al., 2015, 2017)

Debén et al. (2015) F the SciVerse SCOPUS 7
LT H KR T 2015 4ERTA SR R A AR K KA
FEERL ) AT PN i K PR B BT S 0 ) SR K R
1979 % 2013 4FMIRIEAT 73 R 5 i 3C, Horp
80% & 5L TR FF & 1 TA4E,97% 52 ¥ X TTHLIT &R
B A= W B/ BOE BR BLTS G e I A
15% W9 SCERIN B T 07 IR R, 81% AR & Ak R —
o 12K 7 THD FE R0 S, W B AR 7 iR I A PR R

FEEAEY) F P T oK A G R T g i R
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I ( Gecheva & Yurukova, 2014) {HRE XKt
AT DAHIF KA BLTS S 0 09 M i3 1 A LTS
Y W) f0 FE % M R (oxolinic acid ) . R H M
(flumequine ) | + % & (oxytetracycline ) | % B
( antibacterial agents) ( Delépée et al., 2004) £ &
ARk — 2K ( polychlorinated biphenyl ) Fl 75 54 3 C %t
( hexachlorocyclohexanes ) ( Mouvet et al., 1985) %
¥ F5 & (polycyclic aromatic hydrocarbons) ( Roy et
al., 1996) %5, Mouvet et al. (1985) %% H i i /K
K 1 52 31 & ( Cinclidotus danubicus ) il 1 #E 48
FELE Durance ] i HP, DLW 0 30T 9 b £ B OR
(PCBs) . 75 % #F © & (HCH) 9 75 4 2 JiE
Sashwati et al. (1996) I Viskari et al. (1997) FH #%
ASVE W T e 2 I T AL Y 22 P8 05 #2 (PAHSs)
59, 546, FETIKEE (Fontinalis antipyretica ) TE R,
15 G 30 i A BV 2V, Vazquez et al. (2012) FF
Je& ¥ IR T T Gl A

BB AE W I K A TS ) B A
7 77 (Hongve et al., 2002) , F7E 1973 4F il A ia
PR 30 & W W03 1) 58 oA 7K (A S 1 0 o 1) 4
( Kirchmann & Lambinon, 1973) ; 7K # t1 % #% F T
WA G o B BSERERTR C'™ G U Ra™,
Th** 1 K*( Mishev et al., 1996) .

H YR T KR B IR R R PEAR
(Hime et al., 2009) , 73T KA K A= 485 P K {4
IR R 1 B VR AL R G S T A A
Wy, B an i [E i) “ Indice Biologique Macrophytique en
Riviere, IBMR” ., 1% [ fJ “ German Reference
Index” \ JE[E ) “ Mean Trophic Rank, MTR” Flfif %
A9 “ Macrophyte Score” ( Birk et al., 2006) , A% #f
Vo HH T EEAR ) 04 2 U 10 A BE S s K AR 1 £ B B
FA AR A AR SRR E YR, B EEAE YY)
BE V& 1 = ERh 28 R K &R K A K Bk BE
( Rhynchostegimum riparioides ) ( Lang & Murphy,
2012) , A M & ( Scapania undulata) F1 48 B 7K
K #E ( Hygrohypnum ochraceum) J&= 1% i I i Bt 308
FRAL Mo BE 19 45 7R & &% AH ¥ ( Wehr & Whitton,,
1983b), /K K # ( H. luridum ) F1 24 # &
( Chiloscyphus polyanthus) J& & 7 5% 5t F 8~ 9 5t 1)
BRI TE /R EEEHY) (Lang & Murphy, 2012)

2 ATAFTEREENNE Z
- RVEES

A EAEY R AR AR T 5 A R AR =5

SR A TOR W A Bt A R 2SN Ta] DT R R
WISYYIRE A 225, BT HEEEDM LI 2ER,
AN [ 1 IX 8 42 125 T 1 1Y) 35 B AR ) R R 25 57
e bR RS R AR R | e 2R T A e
RS- 254 B BIREHE AE YRR K o A
TR K E LRI, AT BCF
( bioconcentration factor, Ff ff H1 75 YL 1) ¥k F /3 1
TS Qe Wk L) IO A= Y s e 1, KB
(% BCF {E#% = , X445 19 BCF {H4 3 200, 1fi %t Zn 1)
ik 9 400 ( Dietz, 1972) ., 7 /K 8% 1% i1 7 8%
( Brachythecium rivulare) 7K A= 1 W %% F1 )% 9 &
&, Lopez & Carballeira ( 1993) & By il & 0F &
FIK A= K Gk #E 9 BCF {EH A i,

Hl, A A D& aE 4 Y T 7K 30 55 5t 2 19
Wi o K EE & A Y ( Fontinalis sp.) & 7K 7 J5T & W
Db R B )z 2R B ATTX Cu BUER (HX) Cd
AHUR ( Gecheva & Yurukova, 2014) . 7K &A1& i
Wk 8% ( Eurhynchium riparioides) 434 T 1 47 7K {4
PR 78 W D K A o 4 i v e B O T 2 A AR
K N W 1 (Say et al., 1981; Gecheva &
Yurukova, 2014) , 7 BRI (4 b A B AR A G | &g
TR B vk E A AR R B
( Gecheva & Yurukova, 2014), M- 38 B (5
e S JK &£ Platyhypnidium  riparioides ) |
Eurhynchium rusciforme 7K A 1 Wk i 25 PR 1 350 01 AE
Ao An )T Tz N T K BT M (Wehr &
Whitton, 1983a) . Cesa et al. (2006, 2008, 2009a,
b, 2010) i F 3 T K A2 < M # 1 BE 48 1 IR A
HAIFESE T 3 R — K A i PR o i, R TR
Ve E G 1 23 A% 5, LA S Ph | Cu A9 15 4y
1 Cr.Zn Ni Wi S22t s e B4, Bk Bk, oK
BRI 7K AR K R LE K AR T e I i A ek )
1Z ( Gecheva & Yurukova, 2014)

Suzuki et al. (2016) W% T #i 4 B 0 B U1 7K 32k
rh A KB S AR ) 0T R FD A Y AR O, R IAE
RIEF S} 0.005 mg - LYK rfr | 1 - %
( Scopelophila cataractae) RE& % 1 300 mg + kg (T
) AR PR #E ( Brachythecium plumosum)
7K A R W AT B X 4R RO A AR 5 1) o 4R AR

Ve B BRI 0 B 1 B8 SC #  fg AT,
FEAE T 25 S KR v i) 4 i 0 Jo A 4 vy W o
FHRRE Ty, IR 08 Jic B 2t B 48 0 o i P 1Y) B 2 1A
#}( Hynninen, 1986; Anicié et al., 2009) , % FH 2| H-
e o # ( Sphagnum  auriculatum ) | 2% W e s #§
(S. capillifolium) Wz e 5 &€ (S. junghuhnianum) |
FIA e B (S. girgensohnii) 5 .
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3 FmMEHEMUMNAKEEALE
TR W ey E &

FH & B AE 1 W00 7K BRI v i) o 4 i T
’%O‘i’,ﬁﬁ%Tﬁ’q’:Kﬁfﬁﬂ% PR JBT X6} 5 6 PR N
SIRICRE T EIE . Empain ( 1988) & i & S 4
Pri N di & B 5 KR TS Soh ry & & B OE AR OCOC
? KR pH X B e EYI N E S B ICR B EA

B, BESEA YA KR Ph L AL B9 R AR R
U%ﬂmprm%m(mmm&mmmlwwo
AT A DL T 2K S5 3 oK R b SR R B
I8 T WA B AL Mn Al Zn BYAE) & R
i HAEPR PR 3R 5E o (pH<5.5) & S A8 # BERL R N
B Mn F1 Al 3285 5T B 2] 2R 5% h 25 ( Caines et
al., 1985; Gecheva & Yurukova, 2014) ., Vazquez
et al. (2000 ) & FLFR L I8 v (14 7K 85 % 7K 4 43 i oT
W 55 T T M A K AR IR BRI HE I ]
B R T 0T 5 4 1 b B 4 T 40 B A1 45 B 6 SR
B A i &8 B RV P =
R 2 22 R AR e AN R el D
Cesa et al. (2011) LA/K&E R b1k} U E 20
I TCER MR BE AR B FE SR P A5 00 F LA T T
SR IE RS BB 11 A ST Z A1 Ca Mg Na
A K 3 Y e K 0T 2R MR O, % B AR
I AR A R s S AR P A8 A R X Cd Rl N
FR W WSt 450 Jb 7 S i K R e G o e 7 4
Jil, T As  Cu Hg 1 Pb #9052 B A 26 X0
M ALF Mn RIS T RERAH 2 LR, &
PRI G 7K s R R 2 LU 75 B ) B BB A 4 4 5 O
TR TT R & 1Y WL RE 7, TA R 2R 3% 1Y 7K 8 B4 RHTE
JR IR o W b B Ve A B N T A5
Debén et al.(2016) A 100 °C #L4f T4 .50 <C
MEFE T8 AN T K8 3 B s Ak BROK B4 i, T 2R
G SRR AT K AR A R s Rk B E 3
WYE T A AN [) Ak B 32 o8 M 00 sk 2 v A i e 2
FOCE & SRS sZmm PR 1k L0610 (Rl 2k
E’J ) A0k e % B ( Sphagnum denticulatum ) F T 7K A&
5 YL W n AT M . 45 2R R BUK A8 R O 7 e
j‘%IEF‘EgiE’Jﬁi*&ﬁ%‘gﬂ:}ﬁq:/fﬂtfiﬁuﬂ,
BT 00 WD 4t R A PR G A LT
AT S5 2% 3 Y 7K SERE i A T B 4 K BT
AN T B AR it T A 38 7 1 4 5 i) 1) 95 G A T
(A5 33X 7 T WP S B T T UE  HL AR T Uk T U
REHL (AR ZERK HZEK K AE

7K .0.2 mol + L'8{ 1 mol - L A ER TR ) Rz A NN
T VEUREL FE Bl B A5 {H JE T 1Y STk A gE— 1Y
PR, 52 17 SE B 45 R 0y nl ¥, Debén et al.
(2015) HEFEEF AP R A B FE 2 2 3 0 Uk, 2 52 5
% e 2840 K #E S 0T BB A5 A9 e [a] N R AT F T
Yk o KARSF ST SCHR B A 44 Ko B Al i) e 25 A
Py ZE A FE X o6 R W I A 5 e A A0 A 0l 4 310
ZERFE 2~3 em 3 1~2 em B A BFIEFT & 00 5E
SR i I B B 50 R o U 4 SR AR
( Carballeir et al., 2008) , H T #EIEA R HRA 4 K
AROLA 22 5, 8 OSB3 A A A Ok 2 T R
i, HEFA AR HEAE A DL R BE AR S 40 1 ZH 2L AT
%€ (Debén et al., 2015) . F£ 5 I %2 Ay #) T8Aak 2
Uk 5 B[] 75 A [] SCR o A 3K 25 5%, Debén et
al. (2015) ZUUH 40 C T4, LUk S HE 260 R Y3k
&, EAE 100 CF FH#E—/ My ksl (Z1EE) | U
ERIEREHN TIHEERITRZRN &R, 75,
FE i BB B ok i R A T R O, DL S B B o R
TR EE A
Adamo et al. (2007) FZK¥E HERE T 183k | FR

ERFEIL 3 Fp 7 ¥k X K B8 ( Hypnum cupressiforme ) i3
TTAR B N [A) 45 A A B O FE &, 4 B T R
W BiE A T i 2 25 e BRIk, AT e R Y O
AL FEAE 5, R B EEAE S IR A AE SRS ) SR

Fe o MHFCLA B A B o), R T4, 45 100 g T
Em#mmmLﬁ%%mm%4m5fF@ ¥
)45 H ( Tretiach et al., 2007) .

4 R T ACET 3O B ARk
® R

B EEAE Y P BTG e W 2% AT 43 Ry 32 B RN
Besh R 7 X sl W DR T A b A K Y
#EVEAT W ( Steinnes et al., 1992) , =3k Wi J&
TE— e RN, AR — PRI T AR Y & &
T )RR BSR40 7% A8 2% B8 T 15 Y IR 58 v i A7 1 )
( Wegener et al., 1992) . WA AH L, #% 3l Wil 2
TR A B[] A W I 5 3= 2l Wl PR A & 57 3]
T A=A B SR RS (R 52 ), 3 T4 X8, 191
ﬁﬂiﬁﬁﬁiﬂfﬁﬁi Ju 7B DXl ) B o A M, A

487 (moss-bag method ) J2 K5 M1 18 X R 4 1 & B¥
TP LR 4% (moss bag) , e fg T {5 Qe hbg b —E
BRI T W, J8 T F 3 — AR, AN
Goodman et al. (1971) 79 K K 5 I #E il m #% 4% |
ETHUREVIR R T X E 48 & & Lk, #E4e
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1223820 1 LR A M I PR 0 e ) R RIS,
ARl H O ZE i R N AS 2z 0

4 VR A [R) AR Bl ] T HA 0 K P 5 o 6 1 O
¥R S PR W (Kovaes, 1992; Mersch & Pihan,
1993; Claveri et al., 1995; Roy et al., 1996; Bruns et
al., 1997; Mersch & Reichard, 1998; Rasmussen &
Andersen, 1999; Cenci, 2000; Vazquez et al., 2000; Lee
et al., 2002; Yurukova & Gecheva, 2003, 2004;
Samecka-Cymerman et al., 2005; Cesa et al., 2000,
2010; Divig et al., 2012; Augusto et al., 2013), Kelly
et al. (1987) A Jy #4312 Wi /K PR35 7 4 g 15
AT RO A 09 7 1 o B 4% 12 08 3 M 0 9] 3
HaRICER SIS PETT G TR H A 2L (Mersch &
Reichard, 1998; Cenci, 2000; Figueira & Ribeiro,
2005) .

FHEEAS % 3E AT 7K P4 58 o & s D0 ) 55 2 2% 1
B AP EEAS AR B AR P B SR AR W O TR £
Be TR B BRI KON (BB IR R BT T
KM AEFK A R B A R T 3R I B A
YIkF L B B AL BT %€ 45 ( Gecheva & Yurukova,
2013) ., Kelly et al. (1987 ) LL7K A K Wk &E K & Ky
AL, N H] BF 405 T Ji T 5% [ 6 &8 S A A T XY
T TE K M R 4 J o R By e, FH e e ) i A
2, ML A 0.9 em™ 0.7 em™ F AN HLAR B9 JE B N
HIE 20 emx20 em RN EELE ) B A EELE AT
JEE 15~20 ¢ BrEEERE K 2 em MECF IR 22
SIMARE, S5 FH Y &E S AE Yok 5 A IR E 6 T G
MY, A BB R Y B8 4% [ 5 DR T (S 1
e A AR YT g ) K M B o R I TR] (2,
4,6, 8, --100 h) JE K B 4 )8 & R0 E E O
WEFE K IR, Bifi 5 2 5 IF ) 1) SE | i 4% 1 15 3] 1)
& Jm R RN,

Ry TR A R K A= AR ) I K
WS 4 R o0 R W 10 bR ME T &, Cesa et al.
(2015) W5 1 BELS 1k vh AN [R] B¢ 2 A 9, DL S G 1
PRAS 5] 1) 2H 8 AE W YOR AR R As Cd | Co Cr, Cu,
Fe Mn Ni Pb Fl Zn L /255, M ATH9 05T TARE W
N3N 88 T8 AP 2K ( Cinclidotus aquaticus) 7K #E
I 3€ Mk #% ( Eurhynchium riparioides, J&. 3C T H T
Platyhypnidium riparioides 3X 1> 5% 44 ) , & BAS [A] 1)
BEASTRAS AN [R] 1 4 Rk S T (& AR A 2R ) 41 AR
EELE X 42 8 OC R Y WA e W 8 25 5, = Fh
FAEYIXT Cu Ni Mn Pb Fl Zn (& & R B KT
2, LA W 58 W i W S BE g dee i, L LATRE 144
IR BE AR ORL Y 45 R R B i, L, Cesa et
al. (2015 ) HH77 LA - 56 4 1) - SR bk o 14 1) e

ASHFATK A W, B R EE AR Y, F Bh ik
DU A4 37 55 o 4 Ji 75 Y A2 B2 I, AT R
Scapania undulata( McLean & Jones, 1975) ,

BEARVE T /KU ot B 0 £ 1), 4SRN #EAR
BB | ] SR T DR A T M) 4 SR
HIRKE W ( Gecheva & Yurukova, 2013) , £ &E
AT EESAE W) A R R B 22 AR R, FHOK &A1 R
RS A 5 ¢( Samecka-Cymeman et al., 2005) |
10~ 12 ¢ ( Mersch & Pihan, 1993; Bruns et al.,
1997 ; Cenci, 2000; Vazquez et al., 2000) .20 g
(Roy et al., 1996; Divi§ et al., 2012) 100 ¢
(Augusto et al., 2013) .500 g( Kovacs, 1992; Lee
et al., 2002) 5, @42 UTBAE K AR b iy i ) 22 20
24 h(Kelly et al., 1987) , A7 @ E /L AE T 5 d
(Lopez et al., 1994) ,{HJZ7E {5 4 ™ 5 (1) K AR i
AT 1 4~ H (Gecheva & Yurukova, 2014)
IKEE IR 5 W TR K B0 B8 T gy W H & 2K A
(Bruns et al., 1997) , {H 2 AN [A] 4 2= 35 K M Y
[ 25 75 3 2350 ) B B 48 0 0 K AR 43 JB e R M
MR, Bruns et al. (1997) & B A E1E T /K H)
T3k TERK 25 M1 2 2= JT K B ok M ) 7K B0 35 75 B 2%
KBS

5 Wb B R A R TT Bk

Bl 2l W e R Tl b A= R 1Y) 7 B AT )
AT IRGE TS YL AR B W I 19 7 3k o 8 5l A W0k o
FHF KA 4 )@ 75 G () Wl (Say & Whitton, 1983;
Wehr & Whitton, 1983a; Yurukova et al., 1996;
Samecka-Cymerman et al., 2002; Yurukova &
Gecheva, 2004; Vazquez et al., 2007; Samecka-
Cymerman et al., 2011) . 7K PR35 {5 Gtk sl W i vk —
PRI ] — 243 A3 ) N G B T R W A AR TR
& B AR Y, AR R ME YA K A K RS
B KK EE U AL S #E (Atrichum undulatum) 2
=G| B &% ( Bryum pseuotriquetrum ) | kg M 76 X7 &
( Rhizomnium punctatum ) . Wl ' &£ ( Amblystegium
riparium) . = P #¢ ( Sanionia uncinata ) | 5 [ #
( Warnstorfia exannulata ) . ) ¥ 7 % | 90 0 7 &%
( Brachythecium velutinum ) F1 7K #§ %% ( Say &
Whitton, 1983; Wehr & Whitton, 1983a; Yurukova
et al., 1996; Samecka-Cymerman et al., 2002,
2011; Yurukova & Gecheva, 2004; Vdzquez et al.,
2007) , /K& ( Dietz, 1972; Empain, 1976, 1977;
Say & Whitton, 1983 ; Bruns et al., 1995; Yurukova
et al., 1997) 7K A K Bk # ( Wher & Whitton,
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1983a; Wher et al., 1983; Gecheva et al., 2011)
Wt & & ( Wher & Whitton, 1983b; Samecka-
Cymerman, 1991; Samecka-Cymerman & Kempers,
1993 ) 7E KU 114 7K 44 H 4 J 15 g% A= 28 Wil v iz
AT AL 2

XTI e b A= K 1 B ) AT K IR SRS
AR WD B Oy 32 BN IBORE 7 RIS R, KK
AV 0] s g 2JS A P 1) BBURE 7 B 0 W DU 45 SR A AR K Y
S0 . Vazquez et al. (2007 ) $2 H A= 9y Wa i 75 2 —
AR Z R 4%, an SR EAE — > 100
km? (9 FEIHE AT WE I, HLUR — AN HURE R R A
N ZAE i B R R B, BUS AT REAL T (V3
HEA IR A BT B S AR AE 300 km® 19 i 3 aE 17
I A AR ASUA T A BBORE s ) 2 180 53 0l 7 T 1Y
EWERNR U AL WERAE 500 km? VR AT
N %7 32 Tt A = S T B, g BBORE B
A 100 m K, 2 /0 BT 18 $F 75 8 A P 10 TP A
N, B E AR MY R E MW Z (Gecheva &
Yurukova, 2013) . £& il #] W ( Yurukova et al.,
1997) .V§ Ft 2F ( Carballeira & Lopez, 1997) & K
| (Cesa et al., 2010) ZFRR I — 28 [5] Z2 1] 1 (1) & #§
HE) 42 B U3 S A B B AR

Vasquez et al. (2019) 76 JE K £ /R B B B9 Loja
™ Zamora ] () = AN X% & 120 DTy, BE T
EEEAE YA TC o A B R I K i B S AR ) 1 5
JE 1 DABM I BRI T XA AE SRR 5, K B Loja
T Zamora 7345 B HL4% ( Marchantia polymorpha) ,
K %] 5 Fh# 48T E Al.Cd . Cu . Fe . Zn } As [¥)
im0 BRIX 5 T DX AT ) R IR A
WY AN [A], WF N R & AR ) B T, R ) e M RS
JH T 38 il 3 A K 5 A= 4

IR A Y A B AR RS T B, B
HRE MRS R S WOK R B i, K
F 534 3N W B 5 ¥R G R T KR T H bR S AR
Yy R0 JE B PR 5E b ) 4 JB O R Y i, A Y BCE
{E#E14 T 1 000( Empain, 1988)

Samecka-Cymerman et al. (2005) Ho#¢ 7 % 10
FBU AR AR EEFT R N P K, Ca, Mg, S, Fe,
Al Ba,Cd,Co.,Cr,Cu Mn Ni Pb.V Fl Zn [ % i,
DA B 3 g g v Ji A A K 1Y) K RS A 1) 7K B N
XEETTR & i, & IR AH 1Y 7K BEAE S R Y AL
Cr.Cu.Pb .V M Zn #9355 W] 5 T I ALAE &G, (5
J& Co I Mn 19 75 5 78 I 057 A= K I K BERE i v 2 5
TRAE K EEAE A

P b OB R R T
HROREARAR  BORE SR B | s ] B AR M R R

ol ) 6 % 45 T THT 52 A B UE RV A9 77 15 (Debén et
al., 2015) . Debén et al. (2015) & B K #4024
Y ICRE I [R] 75 5 R el ] ) @il g > Ry 2ok
FE—K ., &2 T HORE I a] & 3 09 2= 5 B e 7
EKALAF B, LLA F TR AE R 5 B AR S . Il it Y
WRE B DA 5 IR B AR I, A AR
FECS ~ 10 DASRV B BRE S B a5 AR
B FAE 30~300 g Z A, 2T O R 25 AR
P4, Debén et al. (2015) tA k%% IR R 19 T8 & 7K
A ER R AR PRI R, 2T K
S W B R 2 68% RO ST Ml T K B TR Y
P FE BRI KPS K, B %€, i)
Z o H T SE BRI H] o ad w5 Ko K &8 DL A i A2 1]
WNE I #E 5  5 M af 55 P R 2 i 58 A ]
X AR TG e T R W 25 5%

D FH AT 3 A 08 B5CR% R 1 3 B A ) 3E AT K AR
ARASTEAL U 500 8, 1) a4 47 4 e R AL 2 A
T A 5 BORE AR ARG, 3 B PR 3 1 T A IR UK
WG 2 Y A3 AT I Dy i 3 5 3 I Y
PR TS Y 0 Py s, PH 487 55 32 3 W Y Oy vk
RENE T fif AN [R] S [] 09 05 e W LR G O . 3 4,
H EEAE YA IR PR A S s, T E
i B CAMEE U 3B AT A K PR AR SRS
W= B BAE A4 Bl ( Gecheva & Yurukova, 2014) .

6 B A KT R E W
Rz I

Br 7 E SRR IR R Ml SR T AR S AR FR LK
B 1 502 55 A F) T W B KR b s e A 35 b
S A7 AR A BORE AR 1) 5 B A ) A A K PR o 1) 4
AR BT HA 1) — 26 B 00 A R A AR AR
1515 EEA W) A RE, BUAS LA, RO A A ) BB A
FHT AR 2 2L 1 K AR R B, A o T4k B (5 16 5% )
{058, L SR ) AT 3l 2o % B IR A M B
PATHERE . A0 BRI BUIERE IR, RS
DWWy ', b RO RN 2 AR T R RE ) 5
( Gecheva & Yurukova, 2014)

FEEAE YT [E PR b — 28 K 7K B 5 5T i DA
H b A 2] 7N, B K HE 22 48 4 [ The
Water Framework Directive 2000/60/EC ( WFD )
European Union 2000 ] 223K 2% A% 53 [l K A4 35 2] 411
AR SR A AR JK BT 3 IR K AR 23 A S 2R
(high, good, moderate, poor and bad) , 5z Bl A 25 i
5% (ecological quality ratio, EQR) , WFD Z3R A~
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[F) B 5% [ 22 18] A 3X A EQR A7 AT LUk, 7K AR GE W G A T T 85 N K AR 5 R
YA & RGP W OE By R R e A T BRI A 7 T R A SR SR PRI ST, AR

PRI, BT 5 K I8 R 5 18] A 56 &R 9
SR A (Scarlett & O’ Hare, 2006 ; Gecheva et
al., 2013), TEBK B K HEZE 48 4 T, Cesa et al.
(2013) FF & 1 0 HI & s AF ) JF i 2 K A AR A 36
XK BRI 0T 3 3% 22 W I 2 i e, W
SIARTED 28 B KA AR, I A Ak AR AR
i S NI I = 11T S N R R 1
FE AR I W) ok AR v, 2R XT 25 SRR S HEAT T 300
AR/ IR 454, Herh 190 Y8k vl L
TR, S5 BRE W & 42 15 Sy ¥ G e 34 W D A ST
3B w4t 7 RTE B 7 B A5 A B K HE 2R 45 4
(HIPRHE) .

W R R 22 B T R B K A A ) PE Ak K AR AR
RS TAE F B A e X 7K AR 5 3 5 AR B 1Y
AL (Birk et al., 2006) , XEPPAL RS2 E 0l
& TR S A, 6] 43k B 59 “ Indice Biologique
Macrophytique en Riviere, IBMR” & [# fY “ German
Reference Index” | % [E Y “ Mean Trophic Rank,
MTR” A faf 2% B « Macrophyte Score” HAyZEhH
# K EEYE 57 MTR . IBMR &4 h ( Szoszkiewicz
etal., 2006) , 7E MTR RGEH, K EEFIK AL (K ke
BN Ry K AR B B TR A T ST 32 R R A A
B B e AR AR Z P A, 78 IBMR R4,
K FNER 30 BEAE Ry WA LTS G A i 52 1 )
' ( Gecheva & Yurukova, 2014) . 7F HAth i) — 27K
R A ZAR SV 2 88 [ Macrophyte Prediction and
Classification, MACPACS ), Massessment and
Classification( MAC) J L ALFE T 5 &E4H Y ( Aguiar et
al., 2011; Feio et al., 2012)

7 REZ

A R SNE R T & BE AR ), R ol 2 O #E 4%
U I K B B8 v < e ¥ e O A AN A Y AR
(IR, X4 AR T T BOAE i bR BERE B R /N A
YUY B4R R /NG IR 2 5 o 8] AL B A
At I DRI 8] I R J7 ¥ 45 07 I, AL IR AN R
Wi AR R EE R RO A R REAR W AT K
15 % W DN A AR AL e ) 5 B AL K ] LK A o
(4 T 42 S T R A9 B0, ) B I K O Y R
Yy B A DR ) 38 It v A < JR L3R R T
VEIHAZ A5 ROZAE KT TSR 7T, WG 24
H > I S A ) A /K B 5 B 0 ) A
PR

AN TR A8 A [t B DX 35 AN ] Ml A DX 7] 3 3
TR 15 Y I5 R B0 8 50 00 5 75 T8 2 7K i
AR X E EEAR ) 15 PO R S RS g AL,
TR BT Y B A ) 4R R 5 M T AR 3 AR,
TR 8 A 25 8 5 3R R 22 AR K, /K2R 5 d Al
Yyfh 2 55 30 B 0t B O [A] FR I M s K
AR AR S AR RS T b XM 22 G R
TE R FH AT 7K B0 58 ¥ G W D Bsp AN (] b 1X 2R
PRt o 25 5, R, R B 3R E K A 1
A EERE ) I B S S S AR A A A B i g, B
A [) 7K A 5 B A ) P 21 X6 o 46 Ja ¥ G 3 1
NEREST, LA RIS Jeon R R ICE e 1. JiAb,
D 7 — S 7K R A 285 BR 10 TP Ay 5 4 30 s T 1 o
THENE SEY W AR RN E, WA S
PAEX 5 T A T H 0 2 AL A K A T B A )

HEEAE Y PR IS G AR W s R © A LT AR
HIBIFIE g s, (H 2 & SR ) 3R AT T G IR AR Y
B T AR & A HRE, Creative Water
Solutions ( www. cwsisthebest.net — CWS) & T —
Tl BT B A A0 W DK L K 5 8 L ) TR DK T
T ALY S ST 2 R AR A A OB B R
T —FPA BB = e H BN B TR A T T UKt h
PR B¢ B0 BHR | 3X 2R 38 B2 B w8 2D
Sty S22 2 Y IF AR 0 [ &E ( Warnstorfia fluitans) , e
K 7K r g e e 2 AR PR b 28 AR 28] AT 2k FH K 08 s
( https;//futurism. com/moss-clean-arsenic-water ),
Papadia et al.(2020) fff 5% % B @ 2% ( Taxiphyllum
barbiert) AEAE JL/INEST B X 7K IR B s e FE 1 P Cd
Zn ,Cu As Fll Cr AR 5% 1Y & A RE 7, i - & BB %
TE I B R N X 8 FR A SR AL, = — R AW )
PR E G R s e A Yy kg as . RAEIX Ty
11 1 A 5% 52 B T A AT B9 A ( Sunovska et al.,
2016) o T RS 23 7K o 0 FH 1 & B AR ) X TS
Por R B A MmN E S G T, 4 5 N % H X L
MYFEAE B R RN &

HETA ¢ & &8 A8 W 78 K 15 98 W0 b 0 1
F2 BB T A RO 45 [ R S R K
EEEAE YRR . K SERE M BE R A K L B A
TP b 2 A 15 2 A 38 AT BIR, AR /DN i 2R )
BEL T 1 FH X I8 3 4B ) i A7 /K PR B8 o i W, 2
— e P BR Ak 2K AR R E A B L Pt A
SR A A SE AR P TR KRR T I A ARG L
i 8t B % AE A7 T T K BR 55 1Y il 2E B S AR W, 0
T B ) R AT K A PR I B A
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A, HSBE BE (2010) LA K #5  9) C H AF o b
BEWAE T EATA G B9 3T K T2 10 0 18] 19 25 715 0
RS cd™ i e (i E B RE T, R BB AT RE S &
K ] A A7 T UK FR S, X Cd™ f G’ i e
(AT 32 M B i 3 FLXT K R Cd™ F G 2475 1R 5 11
W RE 77, AR WS WSS AL B A5 e R Y Cd™ R
Cr'*, % B35 K7 &8 F1 25 0 IR &% 90 Fh 8% 43 A )
Z R R WFEZ S, R X W R EE R A, G
WK FREE W Cr A Cd* 5 YK IR B 18 5 ik
JEAE N K GG AE Y, 2 B e e, 4
Ja BREE KA A B EAEY) , 2 e F R AR 1Y
HHEEEY , 1290 5 2 B 05 AE K 1R B 4 R 15 e W
AT IO FH I A B REA A AR 2K

SE .
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