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Research progress of bryophytes on heavy metal enrichment and stress

response and pollution monitoring

ZHU Yong-Qi*, FENG Lan-Lan, ZHAO Zi-Fan, JOLIFAN Abduresiti, LIU Li-Pan, FERUZA Tursun

(Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology,
Xinjiang University, Urumqi 830046, China)

Abstract: In recent years, heavy metal pollution has been the major environmental problems in the world, which
caused serious threats to the health of organisms and the stability of ecosystems. Bryophytes are pioneers for small
in size and simple in structure, with only a single layer of cells in the leaves, without root and vascular tissue. They
absorb nutrients from the air, and are sensitive to environmental changes, so they are considered to be the best
environmental indicators. Therefore, bryophytes were utilized as ecological monitoring species. However, the
sensitivity and enrichment of different species of bryophytes to different heavy metal ions are not consistent.
Therefore, this paper reviews the application of bryophytes in environmental monitoring, and expounds the
adsorption characteristics of different species of bryophytes to different heavy metals. The growth, physiological
properties of bryophytes under heavy metal stress were summarized, and the future research direction was
prospected, which will be beneficial for the further development and utilization of bryophytes as environmental
indicators.
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SR BB 5OGEE A OGBS 1, 3k T
PR A SRS . PSS B Risk 8 72 4% PU o
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SRR KRR B IR, R 2 LA s e
W PE (40 mmol - L LA 1) 7k (He) Bri& F, 6 hF
BEM SRR PR E K, BESE H IR I R,
SRARPEE A, HEMIBIAILR . X AN
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(POD). Fudh If iR i A AL Wl (APX). A It H Kk
JEE (GR), tbab—sefisuimlangitE R C. giE &R
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JE BT I R EER T AR N 1 P A B R
Gt, ERPUEEE RGO EEE PR BRI, ki I 55
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VIREFRW NN B H 5T bR 7 0 B8 65 98 22 %o i PR
M LA B biE . fEEEEMNE N, HYIEN
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T 38 588 ) B 4 R i P RE T s
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AFERFESLRAE, HH 2 S0 Y5 ) R e
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WL SR W] R T A s O X sk
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HIRpE R W 2 Y, AR DA e AR A
KB GE TR, RICE S BN & Y H
R, WRERY, BENESENRMESREST
ALER BB EEAEY), I B AR & S0 E SR
W B B A AR R R, R U B EE (Bryum
dichotomum Hedw.) X} H 4> J& I & 4 it /1 B 3 ™,
PR HE I A K R 06 ELEE R DU B 42 8 T Y e
@R ¥R EH . FIH Langmuir. Freundich 1 Temkin
D7 ARG B EERE AT 3 Tl 4 B 1) S R R PR AE
S8, MG o Bk AW A R LS, 45
REH, TIEX E#HEDENERNESESE
R AR X AE, Hoo A R EEE (Leucobryum
Brid.) X} i (Cu) FIW B & &K, HERJE (Marchantia
L.) X8 (Zn) KW & K, /NREEJE (Brotherella
Loesk.ex Fleisch) X} 4% (Cr) W bt & & K ™ itk
AL, AS[R] it Ao ) & 508 A 7] 5 < 1R B AN R
FHIE, AR PR B 7C 070k th o0t 25 4 8 5 AR e 7T iR 1) & 6
M, IRORE D B 4 R T LA BN IR XU A 4 K
FEAL AR LA o

B VRN — IR I A BT 15 G FE 487
MOARRITZ A, A R #E R Y0 H 5 R 1)
W SCRA 28 DA S A I A0 AT RFAE, 0 A3 B4 /s 7 T
IRT 7 25 B B S B 78 A I I K ST5 Je rm
Forh, FERAEMERESERE D, ERENS
P e, XTok (Hg) (W B PR 1 A2 - o B
J& (Racopilum P. Beauv.). K& J& (Hypnum Hedw.) %5 ;
XA (Cu) BRI B ) 8 () A = R /N A e (Weissia
planifolia Dix.). 40 /N (Haplocladium microphyllum
(Hedw.) Broth.). kP& )& (Claopodium (Lesq. et Jam.)
Ren. et Card.) &5 ; X4 (Pb) FIW P 1R A2 « T
)& (Brachythecium B.S.G) GAAEE & « R P 6F )8 55 ;
XPEE (Zn) W JTRR A2 = REm N EE . At/
. EEE (Pseudoleskeopsis zippelii (Dozy & Molk.)
Broth.) % ™. A8 R} (Pottiaceae) J& Wi Fi i 5 HE )
ERRAR, R IR RE X R S e
Wy o~ 35 il W & (Campylopus aureus Bosch & Sande
Lac.). F§L22)\#% (Pohlia gedeana Gang.). il {4
H&# (Gymnostomum subrigidulum (Broth.) Chen). 4.
JH ELEE (Bryum atrovirens Vill. ex Brid.) ; 7F HLffEhE
X, /NP (Funaria microstoma Bruch ex Schimp.)+
[FERIAZ2)\N N 'l RN AN RSN /s XY o2 )
Py U AN R R 4 S BRSO O B
SEEAFAEL R, JREH RS R ERICR,
HAEREE a2 440 F vl DUIE A K DL 2% B R
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T B EEREY ™, XTI DERIA SR I K BRI
TR AN ShAE AT S 70 B B S B

PINR I 2 B SR P VLB £ 25 S T A T
7 6 P& SR YN R IR A, RIAKR
1% (Chaetomitriopsis glaucocarpa (Reinw. ex Schwigr.) M.
Fleisch.) X[ £¥ (Zn) )& £ RE /158, R 4R #&E (Entodon
okamurae Broth.) Xt 4 (Cu) {1 & 68 J19m, H A/l
JP&E (Haplocladium R. Watan. et Iwats.) X} 4% (Cr). 4
(Cu) F¥ (Zn). 5% (Cd) FIEE (Ni) ‘B REUY KT 1.0,
A AR B a5 g i A B i o bt e
YA ESE S8, oI X PR =
EE T EINARIREYE, B Ts R e 2 2 [A] A
B _ B R B, AR R IES Y EEE S
JRIIRE S, T LA ESE REAT 73 K0k, IR SR
ok DR B < S ¥ G Uy T A R FH R A

AT BT T X Gerh & SR ) R T
EAFIGREE, GRKIESRF (Cd) 2%
HCH LI RIS e BV g S i A R I a
B BAIRmMEMEER ), B, g
#§ (Philontis thwaitessii Mitt.) 7] FH{ T4 (Cd) 4D
TR, 7% I8 E B YRR IR R I 4% (Cd)
YRR, A PReE a] LUE R (Cd) RIEIE E 7,
BASHYR AL (Cd) IR 10 mg - kg, %
T HAG (Cd) MW 2 A AW e 17, 4 PR
A A VR VT IR A A A T OR d  TE ) AL 70 2K
s B BRULAAN, 5T A I R R B
JEER I E &R UTIR, & 6F M IEACH S P BOR A 1)
VORISR ER 3 ek . LAk, H TSk
A 5= I B0 RE AR R BH B T A R A
BEEHA TS BIRE S KAUIRA R, MEIR
KR (Ni) £ B S KR E S5 RADTRZ 847
TE TR BEAR DM 10, B B AT e i AR 2
il WA PRl A R A VR —,
FHIES « ToMR. KSR 720 MFEE. uffE
KR8, KA. 7Emis 2R 5 A7
HA& MRS TR 3R R - IR e 7 B

4 EBEHEVNESSEIENY

& SRRy e S A T B ORRRE, R
Wl gk, BARIER. 2 o, X
R RS IR PR, R o R A 5 B S
TR G =3 00, TR, BRI
FH T BR800 75 T (AR DGR T BTG £, KA 43 2R
TAENE T R AL A B P E SRR E, K

TR IR o 4 R i A2 45 1),

HEBMHA G FEE AR ZAAE, HE
RS R EE S MBEIN AR E . &EEYE
N B AR S (1) 1o S AR R A TR B 1) 8 Ak R UK,
Hir, EWAXTESEYWNSEEYEKLREN
W A T IR B B TR, 5
SHRCL RN H S EWAES N, EE RS et
ez —. BERIGERCHW AT TZE, HA
BRG] BRI AGP R, A
YRR, R R E R E SRS R 8 (Cu).
B (Cd). Y (Pb) MR (Hg) 25 7, XU 4 @4
TEEEIEYNAERKRKE, EHEDENRETZ S
AR DA N 0 3T BR AR A AR 3R L, ™ I 2 R
ﬁﬁt [68-69] i

LB S SR S E S N E R EM
M 2 AN . HEfAE T EEEESENHE
YINAR G EEER . BT RS 4538
SRR ) FTE, BT CAEE 4R T 2 L R R M B 41 R
RER LR S5 PR P DA RIS b i AR B AR AL
SR T R e R A (1) KRR R
A, B4 JE N R R N K s, IR A
A LI 3 2 AR A L BE A A 2% s R R R A T s ()
HIEAER, EEEIE NP 28 S Sk
AR AR A AR, Al i Bl i
SRR EIH 5%, I dms 2 e AR T (3)
R AR F, A SE 36 E BRI B 25 42 8 m] LA
WP R = SR BRI, MNP s, T BB R
(BN, 4 Ja ok 2R AR I R il £ 30 5 1 4
5, PR AR R T AE R R Y (4) BR R KL A
R, F B AL R A A S R T (5)
ZIRRBHS R 2, B4R RS R 8™
HEUIR, EBMM DNA kR, Hamk
fik RNA A1 DNA 352 75 (6) S & &
4 B HAE PR (1 R A 32 B T8 A O A g
RS RAM I e 208 . KR MER . aEE
FRERIBES R T & 8 A K R
B, gy IR ST MR, fEE DK
BRI, MR HE R AR B AR
EEAEH FEAH . () ExRmEsE, RE2E%
TLREAEGUMEMER, HEESENEANSE
FAB YR R A (P AT TR, W (Pb) ¥5 Ye sl
YRR (Zn). BE (Fe) MR, ™ E I £33 i AE )
TR AERT AL T 5 (2) i Bl 7 R R
T, BE&EMNESIE RS R TIRE T, i
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RIEWERERT, TEELHTESRBMHE T
T HOVE A B AN AR S 1R 2 2, TR AT
i B AE AN & BT 5 (3) M & BE I E IR A KA
KE, HTEEEKH R RE —Z401, AR
IR U, IAEEHh iR I E B R T R R
B E SR N AR B R AR 3L, WO RE R
FIERAFREAG, A KRB 22 mE] ™E 2. & 3).
BN G Jmxt E EEAEY)  AR — F AR A
R, [BIRRE A DR E GEREAE S IR E &
B R AR KE. B, w8,
HEh— & @y sty ™, K o 6%
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