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Research progress in bioreduction mechanisms for hexavalent
chromium and environmental implications

LIN Weihan, ZHANG Huixia, WU Sikai, SUN Qiannan”

College of Engineering, China University of Petroleum-Beijing at Karamay, Karamay, Xinjiang, China

Abstract: Hexavalent chromium [Cr(VI)] is a widespread and highly toxic heavy metal
contaminant commonly found in industrial effluents from electroplating, metallurgy, and dye
manufacturing. Due to its strong oxidizing nature, high solubility, and severe biological toxicity, Cr
(V) is recognized as a priority contaminant to be managed in aquatic and terrestrial environments.
Although conventional treatment technologies can rapidly reduce Cr(VI) concentrations, they often
entail high costs, pose risks of secondary pollution, and are susceptible to environmental
fluctuations. Bioreduction of Cr(VI) has emerged as a promising alternative, offering advantages
such as low energy requirements, environmental compatibility, and operational sustainability. This
review provides a comprehensive overview of the core mechanisms underlying Cr(VI)
bioreduction, which involve key chromate reductases, intracellular and extracellular electron
transfer pathways, gene regulatory networks, and adaptive strategies of microbial communities
under stress. Furthermore, we discuss the synergistic contributions of metabolic pathways, such as
denitrification and sulfur cycling, to elucidate electron competition and pathway modulation in
complex multi-contaminant systems. Subsequently, we analyze the effects of environmental
parameters including pH, temperature, Cr concentration, and electron donor types on bioreduction
efficiency. Representative studies are discussed to illustrate detoxification performance, community
succession, and ecological restoration outcomes under field conditions. Finally, this review
envisions future advances in microbial remediation through the application of synthetic biology to
construct engineered microbial strains, the use of multi-omics technologies to elucidate metabolic
pathways, and the integration of artificial intelligence (AI) with in situ sensing technologies for
dynamic regulation. It further outlines a developmental framework centered on “intelligent
detection-adaptive response-multifunctional coordination”, providing both a theoretical foundation
and technological guidance for the in situ remediation of Cr(VI) contamination.

Keywords: hexavalent chromium; bioreduction; chromate reductase; denitrification coupling; in
situ remediation; ecological restoration; engineered microbes; multi-omics

W5 A 7S H # [hexavalent chromium,
Cr(VD)] 3= Z LUK R L (chromate, CrO4>") I HE 4% iR
£h (dichromate, Cr,O7 ) WIERFELE, HiEtkss H
SRRz AT Y BRI AT 43 AR TERT 4R
IR, NRRFZEFELA . AEin4e. L
AR, HARTE N =29 S 1 M BR AL 24 1

HPL Cr MR Tolk b A ECRE, fE )1z 8
AR R T A TS YR, Gl E, BHE
PR BRI SR 2.5-3.0 t USRI, ARTE T2
2 PTG Y JR i 3 KOKARPY e R i A
R KAESR, Gao ZFUE 2011 AW 58 4
g, REA R A 25 K, 4EE
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FERESIIAR 32.9 1 t, HEAEHERCE AT 45 T t,
H AL H ) 5t i A A, B A AN 2

=1 EBoHXIE. KIEREITERRR
Table 1

Sy M, " ETS Y R OKARERE . FRIE
Sy SR KR Cr i JF 0L ingR 1 s,

Chromium pollution status in soils and water bodies in some regions

Environmental =~ Sites Chromium concentration Regulatory standards

recipients (mg/kg soil, mg/L water)

Soil Farmland survey site in Hubei 156 150 mg/kg, soil environment quality risk control
Provincel™ standard for soil contamination of agriculture land

(GB 15618—2018)[!

Farmland survey site in Guangxi 372 150 mg/kg, soil environment quality risk control
Province!” standard for soil contamination of agriculture land
Agricultural area in Hunan 297 (GB 15618—2018)""
Province!®
Urban area in Hunan Province®™ 1281
Zhejiang Province former 1374 30 mg/kg, soil environment quality risk control
electroplating site!”’ standard for soil contamination of development
Hunan former ferroalloy plant!'® 3 410 land (GB 36600—2018)"""!

Groundwater ~ Former alloy plant site in Hunan ~ 0.1-61.3 0.10 mg/L, class IV water, standard for
Province!'?! groundwater quality (GB/T 14848—2017)!'
Zhejiang Province former 189
electroplating site!'"
Hunan former ferroalloy plant!' 109
Chromium slag dumping site in 82 0.05 mg/L, class III water, standard for
Henan Province!" groundwater quality (GB/T 14848—2017)!'
Former industrial area in 0.086
Shanghail'”
Survey site in Guangzhou!!”! 0.052

Surface Water  Surface water in the gold mining  0.075 1 0.05 mg/L, class IV water, environmental quality
area of Shandong Province!'®! standards for surface water (GB 3838—2002)[]9]
Specific water area of Taihu 0.076 0.05 mg/L, class III water, environmental quality
Lake?” standards for surface water (GB 3838—2002)!'"!
Fengtai Bridge section of the 0.147
Huaihe River Basin!?!)
Pingwei Power Plant section of 0.113
the Huaihe River Basin*!)
Huaihe River Basin Baligou 0.334
certain areal®!]
Xijia Gou section of the Huaihe 0.149
River Basin?*"!
Longzi River section of the 0.147
Huaihe River Basin!?!)
Xinjia Wan section of the Huaihe  0.111
River Basin?!)
A specific river basin in central 2.164

Guangdong Province!®”!

P4 actamicro@im.ac.cn, 7 010-64807516
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Cr(VD%E b tEsm HAKS L, fEREE P iyiE
BRES i, AIREOB S OIS Y K,
e F AR AT RS SL A 1 FRPL, Cr(vyAT
L IRK R R R I o AR AR, 5
TN AL . DNA WigL, B
N, COBUESEEA B . Bom . B AL
PP, Cr(VIE 3R o I ELEE A
558 1) 7 4 5 e ) 0 55 A R R S rp
SIS A S B T

AR R PIRE R . BTk . BfbeEil
Jir vk Sy B B Y R AR Tl i FHAY Cr(VI)
RHJ5E, HX SR G R iR BT A fETEE
FERT . RIPHEROR  pH SRR SRR E T2
SEIR A, PRI TME A R AR | Rl HESE Y b B
&, HAER 2492 br s ok LU e k75
RORETE MR Z R, WA E B A AL
AREAL . BEIE N R . AR NI
R H 28 B B 78 B #2022 A T

43 Cr(VD)id S i B RE S R LR 5B ) . ZFh 3
SR A Wy R A A AR A T S e B Py A A
TALIB AR RIB R Cr(VI), B H A w3 HAIR
() = 4y %% [trivalent chromium, Cr(II1)]*, 1 4h,
T A Py vl 3E 2k PR AR . SR PUE AL R G
g W B AN B A ¥ (extracellular polymeric
substances, EPS)45 1 #2345 [ B X 85 v i 4 )8
Rt B35 10 RE 36

AR RN LA | skdl . Al
K AR 5 A BUE Y 22 10 K R AR i 5 & v
I35 AN VR JE AT Cr(VI)IE U f
Ry 5 DR 5 AL A 5 AR AR BT0 ) i b
Cr(VI)id Ji 850% imy HLPR 5 I8 N M4 i TRE AR
IRt AT R AR E N M AE B E R
G R GRS ST U, A
ZER T AR IR Cr(VD I B R 45 . BT
MR AR FR . FEPE PR AR A AL, A
437 Cr(VI)ik Ji 5 Ho At e £ AR 42 i AR LA

mium migration in soi

Bl &ISREHITR

Figure 1 Chromium contamination and its transport.

o
. Atmospheric chromium deposition
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x2 EOCr(VDRERREAT R AR RE

Table 2 Characteristics and reduction capabilities of certain Cr(VI) reduction bacteria

Species Characteristics

Cr(VI) reduction ability

Bu Gram-positive, aerobic or facultatively

Bacillus spp.
anaerobic, spore-forming bacteria that are
widely distributed in soil and aquatic
environments

B2l Gram-negative, halophilic bacteria that are

Halomonas spp.
tolerant to high-salinity environments and

commonly found in marine habitats or salt

lakes
Pseudomonas Gram-negative, aerobic bacteria with diverse
spp.*! metabolic capabilities, widely distributed in

soil and aquatic environments, and exhibiting

strong environmental adaptability

Bacillus pumilus®!  Gram-positive, aerobic, spore-forming
bacteria that are capable of withstanding

extreme conditions, such as radiation and

desiccation
Exiguobacterium Gram-positive bacteria that are
spp.*4 psychrotolerant and alkali-tolerant, and are

widely distributed in extreme environments

Cellulosimicrobium

cellulansP¥

residues

Gram-positive bacteria capable of degrading
cellulose, commonly found in soil and plant

Certain strains can adapt to high-chromium environments
by reducing the highly toxic Cr(VI) to the less toxic Cr(III)
through enzymatic activities (such as chromate reductase) or
extracellular secretions

Certain strains exhibit chromium resistance and are capable
of reducing Cr(VI) via enzymatic or non-enzymatic
pathways, while maintaining their activity even under saline-
alkaline conditions

Various Pseudomonas species, such as Pseudomonas
aeruginosa, are capable of reducing Cr(VI) to Cr(IIl) via
chromate reductase or the electron transport chain, and can
tolerate high concentrations of chromium contamination

They exhibit highly efficient Cr(VI) reduction capabilities,
which can be achieved through intracellular enzymatic
processes or surface adsorption, making them suitable for
applications in bioremediation

Certain strains exhibit high tolerance to Cr(VI) and are
capable of reducing Cr(VI) through enzymatic reactions or
adsorption by extracellular polysaccharides

They are capable of reducing Cr(VI) to Cr(IIT) through the
secretion of reductive compounds or enzymes, and possess
dual capabilities for organic matter degradation and heavy
metal remediation

L, 8T pH, IRE . AR5 R 45 R R XA
SRR, JTEE G SR & R BRI T
AW R Cr(V) A2 H ) PR 85838 N R IS, e
MIIRERAHE . 24200 . e L Yihe
B AR T REY IR R Cr(VD Y T A2 LY H
s, BENEDHABE HE R Yftm
WM AR S

1 Cr(VDH& £ 4L EALH

UE IR R Cr(VD Kl . B F1%id |
FRBHE L . BEVE S N S R 2 R, R —
ANE AR E R AR Hod, B g it
2 HP B L (LA R 4 7 R 10 R P RE S
PEALHE YT, T T B R R AR
1 328 25 WL 1 52 1 LA IR 30 i 0 A0 IR P 8 A
T R AR AR R [ T R B PRt AN ]
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A0S SR Y LA B (B S 78 S g TR
H #2604 W) LA TS HLY [ An6i 4k & (hydrogen sulfide,
HLS)IE A H A

APk J5 Cr(VD) 1y i B AR B T A=
Yr B I A8 RIS Y R T, o R R B
R EE T AL, DUT N 6 MRS
Bl Cr(VDRI AL AL .
11 XRETIREERS

Cr(VI) IR J5 15 SO 22 iR S T g )
EALVERT . 35 % B 2 (flavin mononucleotide,
FMN) {4 1 74 ¥ 25 38 J5 if§ (flavin reductase, ChrR)
n] | 6 JR A 4§ I [nicotinamide adenine
dinucleotide phosphate (reduced form), NAD(P)H]
HERE . EAH P PR L UER B8 2 Cr(VD), M
Hoak JEMY R L6 R B A (nitroreductase A,
NfsA)fElE 2 5 2R AR R AR i 4
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i1 4, 2% A (outer membrane cytochrome A, OmcA)
SEAE it B I (0 2R FT 2 5 Al A Y L AR
8 AR 5 Cr(VD)!T s 2 il R AR Nl
NAD(P)H i &2, w25 C(VD#%
ARI®, 33k it (1 T ) A4 A6 A 2 S8 Cr(VID =
B i )
1.2 BFEBSEERETRE

7 LY TR 4 TR G0 Bt 38 SR B AT TR (Geobacter
sulfurreducens)', ‘FHFE(electrically conductive
pilus, PilA)FIZ 1ML R MM (a2, a4
Jii {6, 2 Z (outer membrane cytochrome Z, OmcZ)
AT ALY AP 0 I, K F D R PN A 3 2 A
b, A JFE AN (VDM X —ad it 7 3]
— RANFEE Y, ngnht 4 8 HE A Y g
chrA R4t I8 4x J& 5 18 S BN czed WITE
Cr(VD IS FRIEPCY, 8 Cr(VDIHA T, 241
PRRR AL 23 VTS 5 00 R B AR DG Y R R ek,
A% R Eh A0 R R (LA chrR . dmtih i 20
JE A BN nfsA, DL A R A
AE 1T $ i Cr(VIIE S R0, 30 6 58 PR o 3
I Cr 18 W M AL B AT 2R .
1.3 REMLBSESRE

PRSI A, O MR A e Y
ARG Cr(VY), N8 K14 FC IR TH (Shewanella
oneidensis) 1] L ZLERAVE A 1L FHEKR L 5L Cr(VI);
+ e A R ER 1 8 (Staphylococcus) W] TE i PN i
MEALAE T R38R Cr(V), PR R Cr(1ID)
TLEPY; 2408 2 (Trametes versicolor)e=—Z A%
TET HaErh ny F R B, W M A B R
P, AT IR pH, i8] o A PR 2% &
fREHE Cr(IDTTRED ), XL E P S R
VEEANRWER, B CrifJFALH 230 H X6 R
B ) e BE A R o
1.4 RHWEZES EPS R

Cr(VDEA AN, 253 A A0 3
FELRE EACH, ST EAEM T,

A=W A AR LR E I Cr(VD R DT,
i SRS 9 S BR Cr(V) S 4 v e (o R i i
iR 112 (pentose phosphate pathway, PPP)5 =Rk
& (tricarboxylic acid cycle, TCA)i# 155,
A2 BER JE Y B NAD(PYH 2R A5 ] IR 2
AW Ak B (superoxide dismutase, SOD) ., 14
Ak & it (catalase, CAT) S5 3T AL B 1 22 3K Lyt /b
TP SO0 A0 L P AR 500 LA, Cr(VD i
AR VERLAE ) 0 Wb BPS, AN 1) 1 o Fn 4%
GaEBEF, EFAHEYIR R Cr(VD)#E it R
U B BREE S EC S EPS i 7 AL ) S 24 A
L, FIRMERE CrIDIiE .
1.5 RENHINHECENSRZEZENE
RIS

TEFRFEEN) Cr(VDZRER T, i il Yyl 3R
W RIE R, Bidn, VR B (Serratia)
S2 W Bk 5 IF v 4 4k f3 i (Cellulosimicrobium
funkei) AR8 FRETE Cr 18 T & fEdE ChiR 2 |
ChrA 1 &% SOD AR INREHE Ik LIFEAR Cr(VI)
AR R, [RIAT AR o] aE O A AR s AR . 2
AR RAF 518 I A R e 1 & R T 52
AR ST i i R G A 2E T AT Lk
I, AR R B - S s P e n =
JCHMAARRAE , Xk — i TR 4Rt A
PRIAE A5, o o AR IR AR AR i Cr(VI)
PR TR
1.6 WEY Cr(VDIRREN S FIER

Tl Wk B Cr(VI) Y e A R o 3 ) 2
RYFEATAEAUIN P AR v J3E 91 161 P 22 50 ik 34 D
Cr(VDAF & —Hah J12# A, B . pH KL+
b A e B 2 2 Wl 35 R R S I ) R R 000
M Cr(V)WR T = 8 — (T, AR,
S E MR A A TE S, TR R L
2 0 2 BN R W AR A TR A Rl st 255
M) Cr(VI) A0 Ji %%, PRI AT 36 2o 8 B e Y A0
& Cr(VDk e 72
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2 Cr(VDZEE 5 R & Emm,
BRI NEEILH

MLHBLH Co(VD TG R MR N B 4%, T
HEWIRE Cr(VI) I A= ) 5% Ak I AR RO 20— 1 H
fitfk, Hw 5. miEAEaeE R isE
HH A A0, A Al N Cr(VT) A R AR
(nitrate ion, NO3 ") A4 J5 i 72 H L2 A0 [A] A9 HL 7
BR RS, HAEZ 05 e PR vh A7 1y HoAth 8 4
s AL 25 e B A 4 A A AR I R 3 T e 3 1A
FIROT ARSI SR L S AEE
T QR AR BB B B A T A0 (R 2
L R GEAR T Cr(VI) 5 Sl Ak B i R h 30 Dt aok
FRAY B FEIBLE
2.1 SR EIBENGISEFRAEATES

Yaashikaa 2585 K PRS2 A A6 T R 1) i EG
1B it 5 (Pseudomonas stutzeri) 7] 5 NO3 b 7K
No, [ABS AR Cr(VD)iA A Cr(1T), {H NO; F
Cr(VDH i B 324K, &5a 4 Ry o it
A, DEMTRZ IS B A9 ORI Rk, AR
X B RBRACE,, A NOs™/Cr(VI) EE /R
LA S IR A%, Af R A AL S Cr(VD)id i 5t
JE AT, TS I HIE R, B8 3 D 6 S
AL FASE M
2.2 HISEMTFISHhELE

fEZ P& m s P AL AR s b, =4
[arsenic(IID), As(II)] . M 4i[lead(1D), Pb(I)]. —
1% [cadmium(IT), CA(IL)] 45 25 123 5 Wil il 15 1
T iz w7 T A A A R N, A
A Cr(VDIR R, (AT AR, Foua
PEYIT, W As(IID W T30S H A B HESE R4,
LN Y A R 1R AR HEZE B (arsenite efflux pump B),
(] Bof 45 T X Cr(VD) B i 32 7K 7, 30 28 U
WO, FE Cr(VD 5 AT 3R A7 Y 3R 55 v
AR AN A AT 38 2o X4 Jm AR AR 7E E AL As
(D F i B P ELA R Cr(VI), b figidsd @ Sk
BEALTH P B 0 S TR AZ e U2
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23 BENKHEEERESEREML

WA BT Rl LA BE, 7RI AL
BT Cr(VI) 5 NOs =25 [ R 0 I e i 12
¥y — ¥ # MR (reduced nicotinamide adenine
dinucleotide, NADH) YA i 5 F &S, HFi
EER A Cr(VDIE g A2 0] sh 2543 74
FLIRAE R Ho AR AT S 3R )i 0y, i AT ]
TN pH H-Z SReAbay, i FLR e B
KARA AT S Cr(VD) 5 NOs I el 2 BRAsCR
F T AT SR WO SSOUR AR 1 it 4 e 08 A2 A R Y AT
VSRR L,
24 WMERSEELTRIREEN

i U OEE PR AR TS U6 38 S Cr(VI) A58 vh %
B, SRR AR T HE Cr(VD IR i, i ) 2
S AE o B R R 38 Ji7 TR (sulfate-reducing
bacteria, SRB)X Cr(VI)AY[a) #2340 J5 248 HAR I
YIB% B 1 (sulfide ion, S*)XF Cr(VI) I8 5 A/E R,
IR AR E Cr(VI), R TR BE ) A
FPETTL SRB BRI A HaS 5 Cr(VI) I
He BB Ak & [chromium(ITT) sulfide, Cr2Ss]UTTE ,
Hizo B 5800 F T I RDE B Cr-Fe-S = It
HUUER R, AMUATLIRE Cr(VD), W 1
W R 28 B 28 o E SO Y AR
SRR ZF TR R, IETRAEFRUSH] Cr(VI)
I
2.5 WRAEEREEENLE

SRB 3 1xf S B B 10 Jir 56 PR 114) 2 35 6 Bt TR AR
(sulfate ion, SO.*)if il 4 HoS, [ B} AJ {2 7 Cr
(VDULVE . Beah, 38 Wi 5% 9K B (Desulfovibrio
vulgaris)EWS & L EA Cr(VI)IBJEHE T i) 40 i (4
% ¢, H HS R Cr(VDWI IR & 1EAH
XK, RIHBBIRERL TS Cr(VI)id 5 1 P A 2
PERER TS A Co(VDIME R, e e i
WO PR AL SE R AR Al M A A7, I e
EPS A R AR JF =) Cr(I)45 42 g 11228,
AN, FE As(IIT). = # %k [ferric ion, Fe(IID)].
NO; F L H G YR R h SRB BEIE R B & 1
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SIASTATRE Sy, FB4> B vl i X W T2
A ) 2 FTPE R TR 1 L P IR A B, AR IE Cr
(VIR S Al E - 1531

3 Cr(VDREWHIHRFERHERS
B2 BRI

3.1 pHESREZFHIEE

TR WIE TR Cr(VI) R 3 72 X PRBE 25 458
fRURR, pH AN B 25 i il 0 B 1k A B L A%
i 20 RETIgk fg SEBY BIF 9 K TR AR A R
Cr(VD) {3 B pH YE R 7.0-9.0, pH {EHL KA
23 R AT BER TG, B2 BE5R Cr(V A=)
Bk 6 AR B VO A B TR AR TR M, R
J 5 O R S R A AR . B, Das
SISV B 9% & TR 35 °C & il TE MY 2 AT B
(Bacillus amyloliquefaciens)id i Cr(VI) ¥ i idi I
B2, T 45 °CEUR T 30 °CHF 2 i 35 3 i B bk
AR FETRN T, % pH SR L
PE i TG PEFN Cr(VD 6L, bRefE i Cr
(MULTE, i HIE Biha e e A0,
32 Cr(VD#IIRIKE SBFHAEE

Cr(VI) ¥ £ J2& 52 ) H AR ) 3 P 19 OC 5
TP 4 Cr(VDH R T 200 mg/L B AT fE S 3%
Tl Wy am i e A K . AR A S A, R
FH B B2 AL 35 5% 1T 35 5 T8 A X Cr(VI) B9 i 52 7K
ST (IR S AR 2 i 2 R I NAD(P)H A
A RN S R A T R, L UM L b A
Al HE Cr(VIIR B A, T 22 20 ) vl fE i 2
0 AR R, LR nT fE LR I A (lactate
dehydrogenase, LDH)YE ] T #4THERE I 1] 2% v
VERT, #2905 0] 0K 5 PPP 3@ #% /5 i, NAD(P)H.,
Beoh, RSP T & E R IE AE  AT
Cr(VD)i& JE ) HL FHEA
3.3 EEmmNAGHS ZEnEER

TERAE WA R Cr(VD) Y #E v, RIS i)
If AL 95 K A A B e R R % T e S R G 4
D7 e T A SR A R R B, W)

A I BB A B ] (Pseudomonadota) 5 ZF 0T
I'l(Bacillota) )T EIAL T 3 4007, 17155 Cr(VI)
WU A0 R B B A AR I, R
R (Actinomycetota). YIFFEAT J(Bacteroidota)?
it 43 J& H. EPS 43 MARE 1 Y IR B B £, X
— RS ENEE s E N PR
LA TS B D RESE R B S0 AR A 2% 4y
Pr B, 78 Cr(VI)AE Wik It ik 5 vh B R 22 8] A7
T I | BRI AR E G R, 2 Cr(VI)
YE R P T A P REREL
34 SRH{ATESHEIASRBMN
TELFh & B I5 3 M, Cr(VD) 5 As(IID),
T B [arsenic(V), As(V)]. CA(ID)55 & 1 Z [ 47
TEE A EAE R . i, 4H7E 21 Cd(I) ] RE
S XS As(V) 1 I B2 As(II) AT
ArsB & H . WV fif iR 1k ¥ iz 4 4 3 (arsenite
transporter 3)5FAMEEE 1, AR S EYXT Cr
(VDR 320, FBH BRI 715 1 Cd(In)
Al RE ol B, FLe e R B T A RSy
5 Cr(VD)ZE i 25 4008, ITfixE Cr(VD ik
JE R A AE PO PN T, e TR
BRI R 448 3 v AT 229 Cr(VIiBR SR 5 HoAth 4 )8
it 52 6 DA 3 ] ik, DA T S B 3 7 L R 4R Y
[Z3EIREE
35 RuUEETENTIRRIRS EE
VA
Cr(VDRTUEYME & ss E Z BT Cr(VI)
M RERES, (AN OGBS b 7 b B P S 15
AR Wy A A 5 30 P B ) 38 AR AR S B 6 T
R . B AR M UE W A SR/ S A LG A A
B, DA AE W pH ., I AF4. Cr(VI)/Cr(11D)
W 5 5 18 728 Al R R v R B B R i AT 2 4
PEAGL, R, o] 3 i s a0 e 0 A A 4
#(Shannon index), ZFEPEIE K D REFE A 5=
AR B A R P (0 Bl 4 A s e g PO

http://journals.im.ac.cn/actamicrocn



42

LIN Weihan et al. | Acta Microbiologica Sinica, 2026, 66(1)

4 BRAGCREEZHHEESD W
Zaill

41 TEFRMEEIRETRTE

AN B Z R HE Cr(VD)T5 4,
T3 Cr(VI) W) 1A T L 98 mg/kg, it
FeFh Staphylococcus sp. Hi 3 1 35 17 - 1 & e
AHUELIE 21 d 5, Co(VD)#E5E 2R 5 7E
X—if i, +EWEEE S EPS 5 AEE ChrR
SR B EIE T SE 0 Cr(VD) 08 i 5 Cr(I&4 4
ULiE. BEE Cr(VDBEIR IR, 1R (b i 5 2
U, ARSI R AR R, SR
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2R TTE FL A I A A B R /K Cr(VI)
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YURXT Cr(VD) Y BRI 35 95%; FEiX — il F2
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T, HASRRARYE N 5 s R 32k, {2
T IRRNE AR LR, #FmXT Cr(VD) Y
WIREA IR, BRI TR, Lin
SEOSIRRR G S TR, LA AT X B R 4 A T R T A
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43 EY-HEMEEEE

2 15 R AP a3 06 K 4 TS Y 0
FEFF B 52 6 TR R AR IR A EA T O SR R B, IR A
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MHGERRE SRR FR, AR AT e AR bR
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W7 &P, B0 As(I) ] B SR THZ X Cr(VI)
FOFTIE, BRI Cr(VI) I 2 1 % O Rl
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i T S R A A A ] I e ] S A R A R 4
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53 BENEESEENN RS

TE Cr(VD B, B 5 AR AZ AL (U
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R4 . - T - B8 53 (proportional-integral-
derivative, PID) ¥ | 2 & W & #% (back
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FEor ot i sems AT E s s = el Pl
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it
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