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ABSTRACT

Inthispaper, theremoval characteristicsof five heavy metals(Mn, Fe, Zn,
Cr, As) intwo urban wastewater treatment plantscalled A and B in Fuzhou
were studied. The results showed: (1) Theinfluents of thesetwo wastewater
treatment plants weren’t seriously polluted by heavy metal heavily except
for Mn and Fe, this may result from the environmental background of
Fuzhou; (2) A takes A/O process as the biological unit, the removal
efficiencies for these heavy metals of the whole process ranged from
7.5% for Znto 93.1% for Fe. (3) B utilizes CASS process for secondary
treatment, it yielded lower removal efficiencies than A/O process on the
whole, ranging from 28.5% for Mn to 88.2% for Fe except Zn; (4) BothA
and B were excellent in removing Fewhile had little removal efficiency for
Zn, thismay result from there-dissol ution of particulate Zn; (5) theremoval
capacities for heavy metals of these two wastewater treatment plants
were calculated respectively, ranging from0.03 kg +d-1 to 18.10 kg *d-1.
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INTRODUCTION

A largenumber of experimental research and engi-
neering practice showsthat the heavy metal in urban
wastewater wereeffectively removed during thewaste-
water treatment process'2. There were wide range
sources of heavy metalsin urban wastewater, which
were seriously eco-toxic. The speciesdistribution of
heavy metalsin biological wastewater treatment pro-
cess, remova and migration trends, influencing factors
and other issues need further study. Toinvestigatethe
digtribution of metd ionsin variousprocessing unitsis
the key factor to distinguish the metal migration and

transformati on mechanism in wastewater treatment
plant®4. It has been observed that increasing pH fa-
vorstheadsorption of metal ionsbecauseof lesscom-
petition between H* and metd ionsfor adsorption sites®.

Heavy metdsin the sewagetreatment process, re-
ferstothetoxic metds. Both meta ssignificant toxicity,
but also inthe human body are displayed when exces-
sive accumul ation of toxic metals. Sources of heavy
meta sinmunicipa wastewater can be specific to roof
runoff, tires, food, etc., can also beacar wash, indus-
tria activities, etc.'®". People’s daily life, industrial ac-
tivitiesand storm water runoff containslarge concen-
trations of heavy metalsin considerabl€®, whichisthe



510

Characteristics of typical heavy metals removal abilities in Fuzhou domestic

BTAIJ, 7(12) 2013

FULL PAPER

main source of heavy metalsin sewage®. Sinceheavy
metalseasly solubleinwater environmentsand organ-
ismsthat can be absorbed, once they enter the food
chain, theaccumulaioninthebody!?. Whenther con-
centrationinthebody if accumulated to acertainthresh-
old, itwill show toxicity to human hedththreet.
Activated sludge processin the effectiveremoval
of organic matter in sewage, but aso through sedimen-
tation, adsorption of heavy metdsinsewageremova™.
Studying themigration and digtribution abilitiesof heavy
metalsin sawagetreatment plantsif very importantin
each WWTP12, |n this study, two typical WWTPin
Fuzhouwerestudied toinvestigatethe Fe, Mn, Zn, As,
Crinthedistribution of each processing unit to andyze
the characteristics of each e ement to removethe sew-
agetreatment plant to removethee ementsof capabil-

ity.
MATERIALSAND METHODS

I nstrumentsand reagents

Equipment: el ectronic balance (FA2004N, Shang-
hal Precision Instrument Co., Ltd.); Centrifuge (TDL-
5, Shanghai Anting Scientific Instrument Factory); in-
ductively coupled plasmamass spectrometer (7700X,
Agilent Technologies, Inc.).

Reagents: excdlent purenitricacid; andyticd grade
nitricacid; ultrgpurewater; Fe, Mn, Zn,Asand Cr stan-
dard solution.

Oxidation 3
r ditch

S1 Primary 52
settler

v | s4
Secondary 3 >
settler Effluent

e —
Influent

Sludge return l Excess sludge

Figurel: Schematicflow diagram and sampling point of the
WWTP

Samplecollection

A wastewater treatment plant processing capacity
75,000 tons, theinfluent to wastewater main, single-
stage denitrificationA/O (anoxic/aerobic) processesto
finegrid, aerated grit chamber, A pool, O pool, sec-
ondary sedimentation tank, disnfection tank effluent and
return sludge as water samples. B wastewater treat-
ment plant daily processing capacity of 50,000 tons,
mainly university town and someresidential areasre-
celving effluent, using CASS process, select the gate
wdll, cyclonegrit chamber end of the pool disinfection
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end of sampling points.
Samplepreparation

Evenly mixed samplewas placed in 50mL centri-
fugetubes, dectronicweighing scalessuchasthesample
weight; the sample into the centrifuge, in 5000 rpm
speed centrifuged 30min™3., Water through 0.45um fil-
ter membraneto separate the sample dissol ved heavy
metd sand particulate heavy metds, and thefiltratewas
sungin50mL colorimetrictube, thevolumeto 25mL, in
order to harmonizeacidification. Withtheexcdlent leve
of purenitric acid adjusted to pH between 1and 2in
order to prevent meta precipitation. After acidification
of the samplewas stored at 4 °Cconditions, to prepare

for ingpection.
Sampledetection method

Instrumentationfor theinductively coupled plasma
mass spectrometry (ICP-MS), using theinterna stan-
dard method for each standard sol ution and thesample
contents of heavy metals were detected, the heavy
metal s concentration of standard sol ution selected ac-
cordingtotheir content inwater sampleshavethedis-
tinction.

RESULTSAND DISCUSSION

| CP-M Sdetection result of thestandar d solution
and thecorrédation coefficient

Ascan be seen from TABLE 1, As, Mn, Feand
Cr, thecorrelation coefficient was 0.9999 or more, and
Znlinear riva, is0.99980. Description ICP-MSinthe
concentration range of excellent linearity, high reliability
test reaults.

Thedistribution of heavy metalsin theprocessing
unit and variation

A linedrawing of two wastewater trestment plants
of each processing unit water content of heavy metals
inorder to observe each processing unitintheand the
wastewater treatment processvariation, showninFig-
ure2.

Figure 2 showstwo wastewater trestment plant in-
fluent concentration of heavy meta sinthe same order
of magnitude, e.g. Mn>Fe>As>Cr. Mn and Fe content
ishigh and Fuzhou region and sewers environmental

Hn Tudian Jounual



BTAIJ, 7(12) 2013

Dejun Kang et al.

511

—————— FyLL PAPER

TABLE 1: ICP-M Sasmeasured by theconcentration of the standard solution and the cor relation coefficient pg ¢ L

metal 0 2 5 20 50 200 500 r

Mn 0.51 2.32 477 19.50 50.22 200.96 499.47 0.99998

Fe 0.10 2.06 4,99 19.85 50.06 202.06 499.16 0.99998

Zn 0.16 1.99 4.95 19.81 50.08 192.56 502.87 0.99980

As 0.00 2.01 4.98 20.00 50.44 — — 0.99999

Cr <0.0 2.01 5.01 20.00 50.94 — — 0.99997
500 - unit to remove the case, by the equation (1), (2) to
- = = - caculatetheremoval of the processing unit. Similarly,
o | . by comparing the heavy meta s out of thewater, using
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Figure2: Migration of heavy metalsin WWTP

background materia relating, in addition, someof the
water unitsand residentsdirect use of groundwater or
surface water, may also lead to the Fe, Mn content
increases®l. It should benoted, inthisthesisisthedis-
solved concentration. Sincethetwo wastewater treat-
ment plantsare mainly wastewater, Asand Cr, influent
concentrationisvery low, inthe3pg « L-1 or less. It
can be seenin the wastewater treatment process, the
content of heavy metalsin general decreasing trend,
twowastewater trestment plant effluent islessthan most
of theheavy metalsconcentrationsinwater values.

Heavy metalsremoval and removal mechanisms
discussed

Through comparing the cell size of heavy metdls,
heavy metal s can be drawn in each of the processing

theformula(3) can be concluded that the entire pro-
cessfor theremoval of heavy metals. Two wastewater
plants each processing unit and the entire processon
theremoval of heavy metals asshown in TABLE 2.
From TABLE 2 and Figure 3 showsthat A plant aer-
ated grit chamber for Mn, Fe, Asand Cr did not re-
movetheeffect of thesefour eements, thegrit chamber
effluent water content and finegrid within+ 5% differ-
encein, only theZnwasremoved, Zn particlesby ad-
sorption and the solid wasremoved. A pool of Mn, Zn,
Asand Cr content isincreased, thereturn sludge may
be part of the heavy metal s desorption results. A pool
becausetherearealot of dissolved organic matter and
theformation of complexeswith heavy metds, affect-
ing theactivated 9 udge adsorption of heavy metal$4.
O pool gradually dissolved organic matter isdegraded,
with complexation of heavy metasalsowill beactive
dudgeadsorption, O pool al elements concentrations
are decreased, the removal rate ranging from
8.1~69.4%. O pool of various heavy metalsremoval
mechanism is adsorbed on the surface of activated
dudgemicroorganismsand intracellular accumulation.
In addition to Zn, secondary sedimentation tank for
removal of theremaining elementsof between 31.8 ~
80.3%. Secondary settling tank particulate matter
mainly through adsorption, co-precipitation of heavy
metal sand other elementsof the physical and chemi-
cal effectson theremoval. Thisshowsthat thedis-
solved metalsin biological cellsand two primary set-
tling tank be removed, which isconsistent with the
findings Sung*®. In additionto disinfection tank out-
side of Mn has no effect on the remaining elements
are13.0to 35.2% removal rate, thereisno research
onthedisinfectiontank removal investigation. UV light
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irradiation may affect the adsorption of heavy metal
particlesinwater or affect the solubility of heavy met-
asinwater, heavy metasintheultraviolet disinfection
tank removal reasonsthat will befurther studiedin
futureexperiments. Theentire processontheremova
of heavy metals between 49.3 to 93.1%, with the
smdlest removd efficiency of Mn, and highest removd
efficiency of Fe.

TABLE 2: Awastewater treatment plant each processing
unit and theremoval of theentireprocess

Sand A (0] Second Disinfection total removal
metal
chamber ditch ditch sedimentation pool efficiency
Mn(%) 45 -184 30.0 31.8 9.1 49.3
Fe(%) 0.0 142 69.4 80.3 18.6 93.1
As(%) -25 -308 381 374 13.0 62.7
Cr(%) -28 623 81 68.9 35.2 65.9

TABLE 3 showsthat theMn, Asand Cr were not
obvioudy removed by finescreen chamber in B factory
for the effect of thesethree e ements, thewater content
inthegrit chamber contentsgatewellswithin adiffer-
ence of + 8%, for Fe some removal, Fe may be re-
moved with thesolid particles, Zninstead of the con-
tent of thiselement increases. Inthe CASS pooal, al
elementsconcentrationsaredecreased, withtheremova
of heavy metalsranging from 13.3 ~ 85.6%. CASS
pool of variousheavy meta sremova mechanismsof
microbial adsorption (adsorption and showed intracel -
|ular accumulation) and particul ate matter through ad-
sorption, precipitation and other physical and chemical
effects. Theentire process on theremaining e ements
Mn remova from 28.5% to 88.2% of Fe.

TABLE 3: BWWTPeach processing unit and theremoval of
theentireprocess

finescreen-sand Biological total removal
metal chamber process efficiency
Mn(%) 14 275 285
Fe(%) 18.2 85.6 88.2
AS(%) 7.7 38.4 33.6
Cr(%) 4.2 26.4 29.5

Comparing thetwo wasteweater trestment plantsfor
removing heavy metals, A wastewater treatment plant

had the higher removal rateof dl thedementsthanthe
B wastewater treatment plant, whichindicated that A/
O process had more heavy metal removal rate than
CASS process, which may be associated with A/O
process agration time. Two wastewater trestment plant
removal rate of Fe can reach about 90%, but their ef-

W 135 |'|: sk
Figure3: SEM imageof theactivated dudge
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fect ontheremoval of Zn are poor, even increaseits
content. Thismay be dueto thewater in ahigh propor-
tion of particulateZn and particulateheavy metd sharder
than removing dissolved metal §'%, and the proportion
of thewater solubility of Zntendency to increase*y,
Therefore, how toimprovethewastewater treatment
plant for removal of dissolved Znisthenext focus of
the study, not only to theremoval mechanism of Znto
dofurther research, but also put forward the economic
and technical feasibility of implementationusedinthe
actua project.

Effect of adsor bent characteristicsand adsor ption
parameters
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Figure4: Heavy metal removal capacity intwoWWTP

Forecast heavy metal removal capacity of waste-
water treatment plant

The heavy metals removal capacitiesin thetwo
wastewater treatment plantswereinvestigated.

Thetwo wastewater treatment plantshad thelarg-
estremova ability of Fe, withdally remova rateof more
than 10kg. Feconcentrationin B wastewater treatment
plant was 130% higher than A wastewater treatment
plant, thoughtheremovd rateislessthanA, thedaily
remova capacity isstill about 50% higher thanA. Mn
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had the second highest removd rate, and thetwo waste-
water treatment plants removed more than 5kg Mn
every day. WhiletheAsand Cr removal ratewereless
than 0.4kg. Thedifferent removing ratesof theseele-
mentswerefrom thedifferent el ements concentration
inraw water and wastewater treatment plantsfor re-
moval of theelements.

CONCLUSIONS

(1) TheFeand Mn concentrationininfluent of thetwo
wadtewater treetment plantswere higher, whichmay
be related to the environmental background of
Fuzhou. Sincethetwo wastewater treatment plants
were mainly domestic wastewater, Cr and Ascon-
centrations are lessthan 3 pg ¢ L-1. Its influent
heavy metd pollution situation isnot serious, and
heavy metalsin the effluent of theindicatorsare
better than emissionsstandards.

(2) TheMn, Fe, CrandAsweremainly removedin O
pool with secondary sedimentation tank, and Cr
mainly inthe secondary settling tank wasremoved,
Znmainlyinthegrit chamber inA wastewater treet-
ment plant. Thetotal removal ratesof Mn, Fe, Zn,
As, Cr were49.3%, 93.1%, 7.5%, 62.7%, 65.9%
respectively intheentire process.

(3) Theheavy metdsareremoved primarilyinthebio-
logical unitin B wastewater treatment plant. The
total removal ratesof Mn, Fe, As, Cr were 28.5%,
88.2%, 33.6%, 29.5% respectively.

(4) Thedaily removal capacity of Mn, Fe, Zn,As, Cr
inA wastewater treatment plant presumably were
8.75 kg, 11.98 kg, 0.37 kg, 0.10 kg, 0.17 kg,
whilein B wastewater treatment planton Mn, Fe,
As, Cr were 6.29 kg, 18.10 kg, 0.05 kg, 0.03
kg.

(5) How toimprovetheremoval of dissolved Znand
disinfection tank for removing heavy metaswill be
continue studiedin futureexperiments.
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