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Influence of Chromium Stress on Tobacco and Control Measures
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Abstract In this paper, we introduced the forms of chromium in the environment and the absorption of chromium by tobacco and analyzed the
effects of chromium stress on tobacco, including the effects on photosynthesis, antioxidant enzyme system, gene regulation and protein expres-
sion. In the end, we put forward many measures to control chromium stress from the aspects of chemical remediation and bioremediation, in

order to provide guidance for tobacco cultivation in chromium polluted areas.

Key words Chromium stress ; Tobacco ; Influence ; Control measures

B T [ 2 225 B DR R A AL KP4 i, T
M A= Ry K JE , IR ™ A 1) = R HE I AR A AR IE R
A, S ECE SR (AN B R SR MR B m ) 45
TSR NI St APRBE, i R E 15 Y, iR 1 A
BV b R R B AR R W AE R A
A, A0 R 0 240 TN A , SR S VR A A B A A
W R KRR T AR A S i R s LAl
RIEA BN 26T AR R B

WA L BE 2540 25 AT i R B, e B AR AR
1.000 77 t B3 B R K A FREE vy, 8% 75 G iy — b ™
R E A RGP . FEIRE, X 2 R 3
X, B PLEIAL AR AR LA

Ve —PhE B 22 BE VR W), 5 ( Nicotiana tabacum ) 5y
TSR B A T i, 0 A M g O O™ F R 5 O —
Jr AR AR AR A E R, SR A SR
RYSEHE NS o FRFER T 15 A U8 5 7
T2 R B S 100 T hm® ' 4 FE R A A B
340 W NN E B R ) EEORIRZ —, TRE S Z
P o DRI, BF TR Cr Jhaft i w37 ML) K 3L 2%
I O 2595 2 2
1 SBAEMMTHHFERR

FIOR A BRI, I Bl o Cr 2R 3£ R
JOE, HE i G H5E R B 0. 02% , Cr B AL &8, 15

EEWME WEFHFHAFAELETXNAFZERB LFHA
x4 08 345 i R 09 42 R (1722201001ZC) 5 7T 4k 5 % F 4+
FAZAARBRAEE AR HHEAATTLS
U SRR AR AT IRAR AR K7 (1902012)

EH(1985—) 4, FALHRIRA, #HIF , B4, A F a4 4p
FHR .

¥ EH 2020-11-05

EERN

AR PP A AT W RS 1 ZAEAE TR R &
Ll i Tk = R S NS SR A IR ST . R R
M B I T 2 DL SE T K R R R HER, 2
TSR A FEEORIR YT A% A Tl K RE AR T, A
AAE] 15% 1 B BAEPINI ,85% L) - 1) 4% 23 78 + Bk 2
R A AR AR 2 R A B 8t 2 i
S EE R LI

B H L= Cr(1D) F7S iy Cr( VD) i TESAAET
AR Horh Ce(VD TR PR, S0V TR LA R A
R 6 , B2 5 X M A S AL A T o Cor (D) TG PRI, 5
TUCER IR, Cr( D) W2 AERTTRIRE TR,
FEMEAC AN A QA i % B A, AR5 MR P B 1 Cal
7, 6 NSSHA AT I A R I R ACHR B
o e AR LR S & (B HOF A SR A Y 5 Y T
o MR Ce(ID 72 AL L T SR A g &, vl
PIBAEA R Cr(VD) o S8 AR R i i SRR A D
B R AN A FH 532 WRDARL A 0T K R 49y T 4 A, 52 A
PR B s SR, SRR A A 1, T I 2 g DR AR A SE
T s AR B TR B R R S R
FM IR MG, o BN KA R E R T HEAE S AL, B
AU Bom B AR
2 IHERRE R

— Ay, AR ISR A T R IR AR 2 A R
AR N A RRAR 28 N SR rP R 5 — iR AR A i g
WA RO AR ISE MR, — eS0T, Cr fEAE
BRASHROLAY £ BERBUONARS ZE> 1> Fh 1 B2 % 5
IR TR A 8 68 me/kg BOPEIA R IR, R B RS A
75 d e JARRAR S A B R, R R A AR
R AEBI I M 25 B P 5 B e i 1)l AR RO 4% 9 =



14 B A

2021 &£

BREAFARE s AR IR B AE R AR 60 d 3k 3] fe i s T 356
I P % o 2 e T R R R I Bt T R 1R R A
A, R AL B R

WA WS e B A A v B I O R SR>
FRI> bR, A A I 5 4 S — B M I XA ]
B A 0 A B R T R i > > 2K

WFFE &I, Y -3 rh Cr VRN 20 mg/ kg I, 4% 7R NHFOR
[FI A7 F) 2 o 28 3 R A > I > 255 {H Y Cr ¥k B 384 in 2]
40 mg/kg i, B FE MR B b 1) B B R 0 AR > 25> 0, HL AR K
T M AR RRARG , T LA E MR P i e e s

BRARRRAR 22 DA -3 P A, AR XS T AR A
i Cr BB BT 2 Jy 80% , HLARAK h ki i 4 & b T
A, AT fig 5 s A R R i R TR 32 KT
RS A SRR A 5
3 EEMBXTRERRN

S A iERY/b e (RSN 0 i B S ML N S R A 2
EEA IR, NI R K AR . Cr il BRIk
JiF ol M AR (ROS) (AR B RRAIK T 5 3 43 A0 U1 Rl AH G 1 25
FhEREE

S A IS B, B X A S R
P B — R R BRI, 85 PSITX G 8 A W R L 1%
32 B, 6 SO H L T P S R A . MIRVR I Cr (VD)
XA | SOD {& P A fE VR T, ik B2 Cr (VD) I 38
VR, At 5 Pl i ARtk 3

X 2 2RI 2 TR, S TR A0 265 0 8 0] 08 4
MBS R I AN [A], Cr(TID) AR 3 15 d J5 , MR B4 i et
F 5 POD SOD \PPO 3 Fft i 1 i 25 445 B 7 Vi J3 384 ot 7
o5 Cr(D) 4207 30 d K Cr(VI) 235403 15,30 d J , 3 Rl
PR Bt A Sl B 4 I 2 S T v S AR AR A R . ik
JEE A% B I B AR ) R RS ) BRI, S SR s
a2 RS S B

Bukhari' "’ 58 15 75 28 7K 55 58 38 3R 560 % BH, 100 wmol /L
K,Cr,0,4b38 10 d J&5 , 405 ik e AR LA SRR (i Fe i)+
i G A, B an L E A TR A AR R A R R
RS TR SRR E i oA R (P,) MG R GIR K
HAFERLE(F/F,) FEBHAE(T,) SALFE(G,) F4ii
[ CO, ¥ (C,) , 100 wmol/L Cr b3R5 d J5 , WL HH B - -
R TZEAE ,  SR SR AR RS IR, SRR sl B AR K, 2
FEURGEATRAE e AN 30 18 52 00 5 400 ¥ A G R
i AR Fe Zn il Mn 55 i 8 5 FEAIG, 0T B R ) Fe 51
HEIN, Zn SR WEAT ARG, Mn & 3R AOR S R e vl R 2
A A 5 R 5 7 2 G AT S i R P A e IR o

% T I s e R R A AR ) ) A B AR A 38 S WA )
P PR 6 3K A 45 . miRNAs J&: — 21 3 U8 1 09 I 2 A5 /1
RNA (sRNAs,21~25 nt) ,if 3 5| S mRNA 195) )= FH
A RS SRS 35 KE LR RN SR L RTE
Wk B bR A AEE AN, miRNA 72 B8 5] Hh-th, & 7 o 2
VER A0SR 4@ e ™ B ot S 38 0 HE 1 0 AR 40

B miRNA 3635, MR BRE FARZ0 M H 43 B T 164 Rl
SF miRNA (J& T 53 B 51 miRNA 805 1 42 Ffgi Bl miRNA
BT 29 MFKIKE) o 13X 53 MASF R miRNA Kk, 3282
7 miR169 .miR156 Fl miR172, 164 4~2 %5 (i © 01 miRNA
1,108 4~ miRNA A4 2k 21 nu, FER A BE 4300 8 22,20 i1
24 nt, 4L S 37 13 Fi16 4~ miRNA, 7E3X 29 ~#7 miRNA
S, £%58 miR12 il miR13 F %, K EFE 20~23 nt, H
B K JE 22 nt ) miRNA 2 408 17 AR ko 21,23
120 nt 4354345 13 .11 F1 1 4 miRNAs,

BEAL PR AR AR v, R Bk 41 S RSF miRNA SR
116 4~ miRNA 7ER X} Cr JBfpaft i ik R lR) . Horp 26 A SF
FiG 0 57 4~ miRNA 335 b, 11 miR166 5K % 1) 8 4~
miRNA F35 R, 7ESE M 29 S8R miRNA g A 14
A~ miRNA 7E4% Bt R 7= A 25 P ik, i@t COD REZk
SGIHT , B — T () F RS ST ABA T 535 i
SRR P E A R

Bukhari' "’ 3 2 X 4% Wik 301 T 0 B0 AR 2 A 0 044
Br, ZEAE 100 umol/L 55 JHfHi8 T, 4 80 ZFp R 4 i %3k I
PH,70 ZFPER IR T, IR S T 12 B 4 AH G R
P, B S A 0 58 T i | 0 A At 2 1 2 S 1R ot
it 07K B 1 M T Tl TR A2 Rl 46 5 Iy o 17 i AR
AR AT
4 FENE 3% R 3 4% BB B FIHE e

PEgeit™ 2017 453 [ K b AR HERCR 14 100 £, %
ARG 20 28 . T E T AL 2 000 77 hm® [k
Z R EE AR TG Y, X R Cr(VD R EER T
500 mg/kgo AR AY A B S i A4 R - 9 b T 4 IR TS
YerewE . PRI, #5 Y TR B E JE B

HHEE A B S R Tt — R W B it Ak A A
B, —ERFIE S 85 A 24 RBREm
Fasefe' o AT P TR SR RS 5 5 R i
AR 4 TR I B TR A NG B, BT, Wk /S B R SRy
FEPEAR A =45

LI 1 BB T Y 4 S R S A W e A
TR, T AR SE 438 38% ~ 60% 145 30 4% , Bt e 451 pH,
ARBEAL Co( VD) I i, 30 pH R4 B 7E H 80 41k -
TR R — e L — T e ) B IR 2 R ) g
FRITR PR TEE V2500 S S AR A %) 28 T L 77 S0 52 i) - HE X 4%
(R R o e 498 pH P LARRARA RS Cr 19 & 1 LT RS
PEo 3 FEEALFRINT + HE4K A L RIOR R A ) ok + A IR >
BIRSEY B, YIRS & A 1 £2—CHO .—OH . —COOH
FI—C=0 255 A LA E BB AT A B AEG AL 86 5 A
AR ST A pH BN - HEXT % Y BFFRE T, A 1
e AT SR B o AR - S0 it PR AR R S e R
S, FTRABEFHAR O 5 5, AR A KR 10 A R B J R
2K I TR AR A R R R AR s

JH At FREAE S, -3 pH T, ki 25 i AR
PR R R PR, TR AR T . Ak, AR AT L



49 A 11

I EF AmasbREe e 2 Bk 15

FEEH SR PR PR R T, X AR R — R b
W ARUEEM 4 R REE SR SR, o
TR 4 IO 32 | iR SR i 2R 2 i AR AR S
YER  REAR EAE ) A B 4 SR o T SR R R B L E
& EX A E BRI, SRS A R, RS R
HIPIAR NI & L, IR TE SR AEE S . e, 7E AR 3
it ek AL o = 3R A R 590, 7T LA A O o 1 B 4 SR W
Jit FHABLIE AT LR A3 rh Ce(VD i85y Cr(1D) , 122
W AT 138 7 4 J8 03 A MR AN BRIE R, 3 pH R E 7
5.4~5.6, 1RO IR R MEREIR L A AL B A
B PP TR T 5 P i My A P AR R AR
MBS 1 — B PR R AR Ak sl B ok T
W S A B | R i B P I B B AR T BT B, AR A X
BUR, A R0 B 2R
YNGR 2R — L8 5 AT X A i i, B
T—5E Bk 2 R ), B e b 4R A i, BRORTY
P HCE R BTAREE K B T NS At
A —E M B B TN R & B, R D 5 A
F A VE ] AR AR Bt b B S i, S E AR
oA R AR KIE AYE K, U EESE AR
GURE, 77 A A5l R 48 7 T AT
THA B ST — P2 1) S5 - 3 P s Ak 1) s S8
P il — 2 IR BT 20 K Cr(VD) IR A Cr(T) |, BEAR -5
(A 5% 16 W5 Y i 0. w25 M R 6 8
JRBEXS 7SN Y i T TR A B 5, 48 Ce(VD) B ity
TREFR A 85% , LB MSUER L LA JFR I 2 £%,
SPME R — MR FH e b p i | 2y B TRk
Yy AE SR -3 A R R R AR
RS AR R FH LSS O s N - S IR ER X S 8y, BRAIC 1
B ES RIS Y, AR E LY LA bk 5] L) A
W NS E R TR BN, WA LA i R AU R R
SRR B AL S R, M E SR S BB TR, ik
| 2T DA S e, B B R A e e A ML
o RS A MR T . M A BN T Y
HAC B ARRRAE, 0 4 T R (SRR A ) A
BRI TR
PEREE Y A2 AW B S HOR, 750 R R
IR/ I/ DS & we SR A e T B ok [ Pl TN i R (2
FH, AT LABAS BT B S8R
S22 3k
(1] B, (REE IR E SRR A - A st E [ ] el
LRl 2018,46(7) :30-32, 102.
(2] VrEehd, RS &, X524, % IS R 4 R HAS S A sy ik FE () ).
SRR, 2015,21(17) 129-32.
(3] HHEES. JURME SRR AR A B ) ], SHRll,2016(4) ;
[4] EZSRVANTES C, CAMPOS-GARCIA J,DEVARS S, et al. Interactions of
chromium with microorganisms and plants [ ] ]. FEMS Microbiology Re-
views,2001,25(3) :335-347.
(5] wxecr, FHSRE, 558, 55, RRER I R SES 2R - R
BEARMFEERT]. 2R IRE, 2018 46(4) :19-21,26.
[6] RODGMAN A,PERFETTI T A. The chemical components of tobacco and

tobacco smoke[ M ]. Boca Raton,FL, USA :CRC Press,2013.

[7] ZVOBGO G,HU H L,SHANG S H,et al. The effects of phosphate on arse-
nic uptake and toxicity alleviation in tobacco genotypes with differing arse-
nic tolerances [ J]. Environmental toxicology and chemistry,2015,34(1):
45-52.

[8] ORCEN N,NAZARIAN G R,GHARIBKHANI M. The responses of stoma-
tal parameters and SPAD value, in Asian tobacco exposed to chromium
[J]. Polish journal of environmental studies,2013,22(5) ;1441-1447.

(9] M, k515, -3 IR E iy semn Je A E ROt e [T ].
BRI R ,2014(9) 1255-256.

[10] B25 i, e, 4. RN T e 2l e Bt e A ot

JELT] Tl R, 2018,46(21) :16-20.

[ 1] Biaste s, g . HIEE SRS IHE R As Cd Hg A1
Pb (SRS s J ] R ENREAR,2016,22( 1) :47-54.

[12] GILL R A,ZANG L L,ALI B, et al. Chromium-induced physio-chemical
and ultrastructural changes in four cultivars of Brassica napus L. []].
Chemosphere ,2015,120. 154-164.

[13] SINGH H P,MAHAJAN P,KAUR S, et al. Chromium toxicity and toler-
ance in plants [ J]. Environmental chemistry letters,2013,11(3) ;229-
254.

[14] TIWARI K K,DWIVEDI S,SINGH N K, et al. Chromium ( VI) induced
phytotoxicity and oxidative stress in pea( Pisum sativum L. ) :Biochemical
changes and translocation of essential nutrients [ J . Journal of environ-
mental biology,2009,30(3) :389-394.

[ 15] S220H, Bicshk, 523, 5. MEON 21 6 I SR TR B SR A BoAse i 34T
[J]. 4&dfes#4i,2013,28(S1) :366-370.

[16] 15, /DA REL. B s SEMRET P iR EL T ] LR
EFBEFAR(EREEERR) ,2014,32(1) :39-42.

[17] TR STMEHAX 1 850 5 5 YR i S I 22 2 OS2 M
D], BiBH: BUNAEE,2009.

[ 18] #EHR, T HEES TR, S, AU MR 7 e & B ) S SR 7
HrLI]. MEERH,,2019,52(6) :9-15.

[19] BUKHARI S A H. fHENRE& DA microRNA 58 RLE[D]. BT
I TR, 2015.

[20] SR, Uit 22020, 5. SEMIast R s P SR SR AR AT
PR RG] {L05 Rl ,2014,42(8) :92-95.

[21] BXHHE, ke, V], 4. NRIN AR TR s AU R o s
AR ATE DR s [T]. m 5 ARl 41, 2018,49(11) :2155-2161.

[22] TURNER M, YU O,SUBRAMANIAN S. Genome organization and charac-
teristics of soybean microRNAs[ J]. BMC Genomics,2012,13;1-16.

[23] CHEN L,WANG T,ZHAO M, et al. Identification of aluminum-responsive
microRNAs in Medicago truncatula by genome-wide high-throughput se-
quencing[ J ]. Planta,2012,235(2) ;375-386.

[24] BhER, T4 HTEL 5. i B SRS a T R LI o
JELT]. BRI ,2019,36(8) : 1962-1975.

[25] xiggbh, i, 35— 10, % FIRAR S AR (1B2) Bt -
(s TR J ] R R (BRI ,2020,38(3) :254-259.

[26] SEREE, 20005, S, 6. AR T A M E S REE
I FHROIFFEAEIRL) . Bl Rl :,2014,42(11) :159-165.

[27] H2tE, 4N ML R, 5. AN T R I 5 22X M A= B
PRI ]. Al 55K, 2019,39(22) :37-42.

(28] BRISZ, KM, 25, . A=t P B 1 SRR AT = R B ) 52
ML) ]. 22l il ,2020,48(18)  153-156.

[29] GTHEAS, i, FHEak, 5. BN A1 87 P sty senm J]. T
Al R,2020,61(9) :1762-1764.

[30] ZEos. FERE MR AR N St B IR 2R [ D 1. 32 LRk
#,2019.

[31] e, JRIS, 5L, . e H T SR Rl IE E BRI T
PERELT]. BUNIEAZZR(BAREER) ,2016,15(2) :156-162.

[32] XU GBS 555 St A I RE SRR R 2 DS
FEERWUHEREL D] L) AR, 2019.

[33] ket DALY, il , . — Mg R RAE S A R B —2
[CAR (Leersia hexandra Swartz) [ J]. A5, 2006,26(3) :950-953.

[34] G SREE TR E SRS L] INEREE 55K, 2006,
29(5) :106—108, 121.

[35] BUENDIA-GONZALEZ L, OROZCO-VILLAFUERTE J,CRUZ-SOSA F,
et al. Prosopis laevigata a potential chromium ( VI)and cadmium (1T) hy-
peraccumulator desert plant[ J ]. Bioresource technology,2010,101(15) .
5862-5867.

(F4% 19 1)



49 £ 11

IS TR G R A X R AR LB R it R 19

THEA12,2010,26(11) ;237-244.

[35] BRiR, HAA AR RN L IS RE R IE ZE IR 9T [ T ). TR
Tl A4, 2013,32(5) < 57-60.

[36] fsk, XISE, SR, . Haala B U 2ok e RERE R B TR
fFgE 1] il iR, 2008,35(5) :9-12.

[37] (2%, L2858, RidT, 6. B EHVK S 250K Mk
B EERTRIERCR T T ] BN TR, 2011,5(4) ;745-751.

[38] bhepugz. PR S T UIEK IR RR B 7Tz e A B A
K2 D] K% KR, 2016.

[39] CHEN S L, TIMMONS M B,ANESHANSLEY D J et al. Suspended solids
characteristics from recirculating aquacultural systems and design implica-
tions[ J |. Aquaculture,1993,112(2/3) ;143-155.

[40] FEAES, FHR, A/ NI ST AB I TR AR S R WP T R [T ]. ARk
77,2006,28(3) :73-79.

(41 ]2, B0k, Wi S fa | DS PSR G TR E N Segam e[ ) ). i
5itiE ,2002,33(1) :90-96.

[42] 28, 2t Al , 4. BRSNS TRIEN Z RIIR A ERES
ST, T &R ,2011,38(17) :168—-171.

[43] Sl 270, FOURR. — P e W 22 I PR /K S A 3R B A
(1] #HER]2,2001,25(4) :48-49,57.

(4] LR MER, FERE, & —a— NS hEHK ST ER
ARIFTLT ] SR, 2004,24(4) 1 10-16.

[45] KONGKEO H. Comparison of intensive shrimp farming systems in Indone-
sia, Philippines , Taiwan and Thailand[ J]. Aquac Res,1997,28(10) ;789—
796.

[46] LI D S,DONG S L. Summary of studies on closed—polyculture of penaeid
shrimp with fishes and moluscans [ J ]. Chin J Oceanol Limnol, 2000, 18
(1).61-66 .

[47] kg, L, ik, ESMS B ROKE A0 T 2 ist ks
JEE[ T ], il E Rk, 2012,39(3) - 13-18,39.

(48] Skl , 2, £, P WA A S s [ 1],
B IHIFEE 441, 1998,28(2) : 210-216.

(49] HIARRI, 2=, OO0k, 5. W2 Ffa — i A LA TR 7K
JERIFZEL T ). R FHAERS#412,2001,12(2) :287-292.

[50] R, (83, XUAT, 5. e S R S A 5 G R e FR A s
[J]. ¥FER2,2003,27(1) : 50-53.

[51] Zekste, Ak g8 at: DS R IR i A 50 R B TR SR IEER s2 A
[J]. HHER,2001,25(5) :27-29.

[52] 5. DL i K IRTE IR K R RS D] 75 5 R,
2004.

(53] ¥kt Bose, ke, 5. Db As = T 20K [T ] [BEok
77,2007,29(3) :14-18.

[54] F75Hr BRI, 0K, & AN RS AEE S P ER T AR IR S5
[J]. 7K=441%,2001,25(1) :32-37.

[55] BOROWITZKA M A ,BOROWITZKA L J. Micro-algal biotechnology[ M].
Cambridge : Cambridge University Press,1988.305.

[56] XIEME: B, BERUs. TP IR eSS A L S aNESR T ]
LIRS 1%,1997,17(2) :27-30.

[57] 4l BUNEFRHOMTT L LB SRl s S iR R it
(1] VA IR, 1994(3) : 52-59.

[58] Zetht. B SIEHIAZ T ] R FRlLAFY ,2001,14(1) « 1-7.

[59] BEE, SRHR. A TR fEl b s /K AR [T ]
FREIRAR K7, 2020(3) :83-86,90.

[60] REVITT D M,WORRALL P,BREWER D. The integration of constructed
wetlands into a treatment system for airport runoff[ J]. Water Sci Technol ,
2001,44(11/12) :469-476.

[61] W/, TACH], S, & i A\ TIRHDARR A Kb R

R[] AAERSE, 2008, 17( 1) 170-73.

[62] RS0t Bt R0, B IR G ER I E i N TIRHE b KSR
[J]. Al TRE#41,2000,25(S1) :44-48.

[63] R V0T, ek, 5. ZRE AN TR T2 57K K
ESIRIIRE T[T ]. BRERH,2019,32(3) < 12-16.

[64] ZRBEAR, PNERHT, 2000, 6. N TR HIBRBERF it e [T . AR SEAR,
2007,27(3) :1226-1232.

[65] F20 B, 1R, . N TR HEE bR I M2 R 320 5T [ ] 20
Rl EHR,2010,33(S1) 112-18.

[66] y/D5a, AR, A3 N T bRt zE [T ]. AR, 2006, 15
(2) :391-396.

[67] M, 4758 400, 5. N LIRHO R A= SRR Tt e [ ] &
WERER 24417 ,2013,32(9) < 1720-1730.

[68] X522, &b, 22223, N LI HOIEDRHE MR K B S R S e
FELT]. HHFIZKAI],2008(4) :40-42.

[69] JalHs, A 182 22, 55 A\ TR M (L & 8 3R (biml K B i 3T
(=) TR R A G 25 B A SR s [0 ] i3k BOR,
2006,25(4) .40-44.

[70] Z=EA%, P FM X2 1. N TR RO Gl L F A HLr e dE e [ 1.
Tlbk b HE 2012,32(4) :1-5.

[71] BREEN P F. A mass balance method for assessing the potential of artifi-
cial wetlands for wastewater treatment[ J ]. Water Res,1990,24(6) : 689—
697.

[72] HABERL R,PERFLER R. Nutrient removal in a reed bed system[]].
Water Sci Technol ,1991,23(4/5/6) ;729-737.

[73] Rtk NIRRT S B SRR R BLR SR BT ]. fba: T
F2i,2009,23(3) :38-41.

[74] sy TRHEET, DEZ. HUNWEA T K FREK i A5
FARKRELT . 7K ,2000,25(10) :24-25.

[75] SRR MK ST SEOR M. Aust: Fr L Hi R, 2005
365-408.

[76] HERR, ki, R, 5. IR IE ARG KA A & RO R IR AR
WFgE[d]. BN L, 2006,33(3) :15-16,18.

[77] JEPA, MeE e, Bogask, . IOuREERh I T (IR IE KSR [T ] &
Al TR ,2009,25(12) :254-258.

(78] JEEERS, FIMAR, 105802, 4. 2N FLANEIR L) (S RE A/ K
FARSHET]. K24, 2008,32(5) :749-757.

[79] ¥ . REREE S CEME I i @R pAm T 1]. 7K
FRH IR, 2009,36(1) :27-30.

[80] SCHROEDER J P,CROOT P L,VON DEWITZ B, et al. Potential and
limitations of ozone for the removal of ammonia,nitrite,and yellow sub-
stances in marine recirculating aquaculture systems| J ]. Aquac Eng,2011,
45(1) :35-41.

[81] gggs, ik, BkeR , . BLU R ZEEPE B B K - R G0 /K T
EEEL )] iR E,2011,38(6) : 11-15.

[82] DAVIDSON J,GOOD C,WELSH C,et al. The effects of ozone and water
exchange rates on water quality and rainbow trout Oncorhynchus mykiss
performance in replicated water recirculating systems [ J]. Aquac Eng,
2011,44(3) :80-96.

[83] ok, 2@, 1R &T , 5. I LE G g0 IR =
FRIESMAI LT[ T ] R ERG R R (ERRRERRD ,2012,42
(4) :41-47.

[84] 15, kBl Hise i, . NS MR A E X e &
SR SRR [ ] MK PEIAST,2006,27(5) :28-33.

[85] 4R, #livaH X st, . ARREFE A T AMER AN 0 xS
WA SRR [T ] /K IF5Y, 2007 ,28(6) 1 1-6.

(E#&F 15 H)

[36] REDONDO-GOMEZ S, MATEOS-NARANJO E, VECINO-BUENO I, et
al. Accumulation and tolerance characteristics of chromium in a cordgrass
Cr- hyperaccumulator, Spartina argentinensis [ J ]. Journal of hazardous
materials,2011,185(2/3) :862-869.

[37] M2y, M1 A, B TR S i AR S RO AL e SO O[T .
BTl AR, 2005,26(6) :101-103.

[38] AR, IR, IR, 5. JLRMUIE N Cr(VD TESFV N3,
sty [T ] BRI 2441, 2007,30(4) :52-57.

[39] ZEHEHT, Ehlf. ko — MR R R I3 e R S S i

SN . KT BRI, 2004, 18(1) £ 138140, 143,

[40] mbiebs), B2 SKUR, 5. Tl th B IR B R QLB B /S I g5 e L 4
[J]. fETERR,2020,40(6) :613-618.

[41] AR Ao BEPIESR - SRR AR S AR ST Y s [ D .
e - PR, 2019,



