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ABSTRACT

This paper determines the main influence factors on the experiment of
adsorption of U(VI) by Pseudomonas aeruginosa loaded by nano-
Fe,O,(NFPA) through gray correlation analysis, based on the experimental
design on adsorption of U(VI1) by Pseudomonas aeruginosa loaded by
nano-Fe,O,. Results show that the method is simple, objective, reliable,
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and providing a scientific basis for experimental design to treatment the

wastewater containing U(V1).

INTRODUCTION

The booming of nuclear power causesthedemand
of natural uranium soaring. Thedeve opment of uranium
miningand metalurgy industry inevitably resultinlarger
uranium tailingsand substantia radioactivewaste weter.
Sotherestoration of theuranium mining and metallurgy
of radioactivewastewater isamgor and urgent tech-
nol ogy which needsto be onthe problem. Thetrestment
of containing U(e&) radioactivewastewater isdwaysa
hot issuefor domestic and foreign academician. Explor-
ing control technology of high efficiency and low energy
of uraniumand other radioactiveweter pollutionisamgor
issueinthenud ear industry sustainabl edevel opment and
nuclear environment about thelivelihood of the people.

Pseudomonas aeruginosa loaded by nano-
Fe,O,,or smply “NFPA” for short, is a chemical-bio-
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logical composite materia. Which use Pseudomonas
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aeruginosa as material ,nano-Fe,0, ascarrier and ul-
trasonic vibration to make Pseudomonas aer uginosa
adhere to nano-Fe,0, to compound. The process of
NFPA adsorption of U(e&) iscomplex,whichisaffected
by many natureof itself and externd environment chemi-
cal factors. Therefor, it isof great significance about
Pseudomonas aeruginosa loaded by nano- Fe,0, to
make surethe maininfluencefactorsin the experiment
and discusstheoptimum adsorption condition.

With the emergence and devel opment of the grey
systemtheory,it gradudly becomeakind of widdy used
evaluation methodswhich can analysiseach factor in
theincompleteinformation by datahandling and find
their relevance main problem,|eading feature or mgjor
factor among random factors sequence. This paper
determinesthemaininfluencefactorson theexperiment
of adsorption of U(V1) by Pseudomonas aeruginosa
loaded by nano-Fe,O, through gray correl ation analy-
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ss, which can provide ascientific basisfor experimen-
tal designtotrestment thewastewater containing U(V1).

THE PRINCIPLE OF GRAY RELATIONAL
ANALY S S*

Gray Relationa Analysisisanew andysismethod
inGray systemtheory. Itisamethod of combining quan-
titative and quditativeanalys safter using quantitative
methodsof grey relaion degreeto distinguguish system
(or effect) to the size of the close degree between the
main bodly. It differenti ate between thevariousfactors
inthesystem by comparing system stati sti cs sequence
geometricd relationship. Themorethe connection de-
gree between sequence curve geometry get close,the
morethey will berelated.

Definitereference sequence and comparison se-
guence

Calculation of relational coefficient

min minfxo () = X; (k)] + p maxmaxjxo (k) = x; (k)

E.:O,i(k)_ ‘Xo(k)_xi(k)‘+pmaxmf1><‘xo(k)—xi(k)‘ @)

Inwhich:

(k) the I index samples point K’s relational co-
efficient; p resolution coefficient,and < (0,1) get
P =0.5; [, (k) = x (k)| the m index’s reference se-

guence statistic and relevant index’s the 1 statistic dif-
ference between absoluteva ue.

min mkin\xo(k)—x(k)\

the second minimum differ-

ence; max max|x, (k) - x; (k) ——the second maximum

difference

Calculation of correlation ry,;

Synthesizing each correlation coefficient and com-
puting r,; formulais:

Foi = lz So, (k) 2
N

APPLICATIONEXAMPLE

Themajor factor
Many studies have shown that microorganisms’
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ability of dislodging metal ion depend on not only the
self characteristic but al so theenvironment factors. At
the experiment of adsorption of U(V1) by Pseudomo-
nas aer uginosa loaded by nano- Fe,0,,pH value, as
oneof theimportant factorsthat influencethe adsorp-
tion, can control the state of ion adsorbent surfacefunc-
tiond groupsand surface composition of hydrolysisand
U(VI) intheform of existenceinthewater, and water
inH*will competewith U(VI) adsorption, thus affect-
ing the adsorbent adsorption of U(VI). Temperature
can provide the adsorbent energy,overcome the bar-
rier of energy,affect the state of hydrolyssaswell soit
can affect the processof absorption. Moreover,NFPA’s
initial quantity and initial potency of uranium solution
aso haveeffectson test. Somefactor’s test result were
showninFigure1~4.

pH,temperature, adsorbent dosage and uranium
concentration have different effectson removal rate of
uranium. Traditiona waysto judge theimportance of
each factor aregraded by specidists,andytic hierarchy
process. It contain too many human factors and sub-
jectivefactorseventhoughit isconvenient. Sothere-
sult of test in thisresearch avoidsthehuman factorsby
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Figurel : The effect of pH on the removal of U(VI) by
NFPA (conditions.[U(VI)]=30mgeL , m(NFPA)=0.07 g, 30°C)
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Figure3: Theeffect of adsor bent dosage on theremoval of
U(VI) by NFPA(conditions:.[U(V1)]=30mgeL *, 30°C, pH=6.0)
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Figure 4 : Theeffect of uranium concentration on there-
moval of U(VI) by NFPA(conditions: m(NFPA)=0.07g, 0°C,
pH=6.0)

figuring out thefactors’ correlation and effect coeffi-
cient.
Effect factorsdiscriminatestandard and quantita-
tive

Themainfactor that affect experiment resultisthe
main variablesquantity that judgeremova ration of ura:
nium. Looking fromit’s measure, normal variable quantity
isthecoreinthistest. Thewaysto discriminate quanti-
tativefactorsorder isin givenregion, depending onthe

range each value of eachlevel. Although the quantita-
tivevaueisdifferent, but it belongsto the same prop-
erties and taking the same parameter value. For ex-
ample, NFPA’s hydration surface and Pseudomonas
aeruginosa has different absorption activity. When
O<pH<4,itis(FeOH.,)* to predominate,which canform
electrostatic repulsion with U(V1). When 4<pH<9,
Fe,0, ’s surface happen hydrolysis reaction which
strengthenthe NFPA’s complexation with U(VI). When
pH=6,FeOH has the most percentage and hydroxy;,
during the period, Pseudomonas aeruginosa hasthe
best absorption activity™. o pH=6.0 isthe best condi-
tionfor U(VI) absorption. When pH>9,at Fe,O,’s sur-
face FeO isdominant®™ ,which also affect absorption
activity of Pseudomonasaeruginosa. U(VI) will hy-
drolysisinto UO,(OH), and UO,(OH).*®,which go
against the absorption. So, it can bedivided into four
regions that is 5< pH <7,4< pH<5 or 7< pH <9,
2<pH<4 or 9<pH<10 and pH <2or pH >10and given
4,3,2,1 for represented. In thisway quantitativefactor
cantransformvaue. Thefour main effect factorsinthis
test base on quantitative principle and ensure each
factor’s particular index value(TABLE 1).

Each factor of influence coefficient

Each factor of influence coefficient ismeasure of
effect degreein adsorption of U(VI) by Pseudomonas
aeruginosaloaded by nano-Fe,O,. Theresearch uses
the abovetest result. Theremoval rate of uranium by
adsorption of U(VI) by Pseudomonas aeruginosa
loaded by nano- adsorption of U(V1) by Pseudomo-
nas aeruginosa loaded by nano-Fe,0O, was divided
into four levels. Remove well(removal rate above

TABLE 1: TheFactorscriteriontest on theexperimental of U(VI) adsor ption by Pseudomonasaeruginosaloaded by nano-

FeO,
Discrimination Quantitative index Affect o Quantitative index Affect
Discrimination factor
factor value level value level

5< pH <7 4 20<T<30 4
< pHL < < 3 <T< 3

oH 4< pH<L5 or 7< pH <9 Temperature(‘C) 10<T<20
2<pH<4 or9<pH<10 2 30<T<45 2
pH <2 or pH >10 1 T<108 T>45 1
>0.1 4 Co<10 4
Adsorbent dosage 0.06<C <0.1 3 Initial potency of uranium 10< Cx<30 3
(9) 0.02<C <0.06 2 (mgL?) 30< C,<50 2
C<0.02 1 Co>50 1
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90%),remove better(removal raterangefrom 80%to
90%),removegenerdly(removal raterangefrom 50%
to 80%) and remove poorly(removal rate bel ow 50%).
According to the principle of quantification determine
itsratingvaluefor 4,3,2,1.

Accordingtogray relationa analyss, figureout re-
spectively pH, temperature, adsorbent dosageand ura-
nium concentration and the removal rate of the ura-
nium. First, using formula(1) relational coefficient to
synthesizeevery coefficient and using formula(2) tofig-
ureout relation, at last working out therel ationship be-
tween effect factorsand removal ratearethat: pH is
0.7674 temperature is 0.7308, adsorbent dosage is
0.7113 and uranium concentrationis0.67821. With the
normalization method, through the aboveto calculate
the correlation of each influencefactorsontheU(VI)
remova rate coefficient, we can get theanswer arethat:
pH is0.2657 temperature is 0.2531, adsorbent dos-
ageis0.2463 and uranium concentrationis0.2349.

Therefore, theordering of effect degreeof removal
rate about U(V1) ispH, temperature, adsorbent dos-
age and uranium concentration.

CONCLUSIONAND DISCUSSION

Aboveall, pH isthe main effect factor of thetest
about absorption of U(VI) by Pseudomonas
aeruginosa loaded by nano- Fe,O,. pH can control
thestate of ion adsorbent surfacefunctiond groupsand
surfacecomposition of hydrolyssand U(V1) intheform
of existenceinthewater and water in H* will compete
with U(V1) adsorption, thusaffecting theadsorbent ad-
sorption of U(V1). It can be confined by experiment
that NPFA havethebest influence on absorbing U(V1)
when PH=6. Second istemperature, which can pro-
videtheadsorbent energy, overcomethebarrier of en-
ergy, affect the state of hydrolysisaswell and soit can
affect theprocess of absorption. Theresult showsthat,
theability of NPFA ’s absorbing U(VI) increase as tem-
peratureincreasing. But, too high temperature can &f-
fect membraneset ability. Which stopsthetransmission
of metal icon and decreasesthe adsorption energy. The
result showsthat, whentemperatureup to 30! ,there-
movd ratereach themaximum.

Adsorptionof U(VI) by Pseudomonasaeruginosa
loaded by nano- Fe,O, isan efficient method of radio-

activewastewater containing treatment. The paper de-
terminesthemaininfluencefactorson the experimenta
of adsorption of U(V1) by Pseudomonas aeruginosa
|oaded by nano-Fe,O, though ensuring themain factor
of theexperiment,which can provideascientificbasis
for experimental design to treatment the wastewater
containing U(VI).
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