% 26% % o8 ERhizRFa AHAFFR Vol 26 No 2
20095 4 A JOURNAL OF NATURAL SCIENCE OF HEILONG JANG UNIVERSII'Y April 2009

The effect of aerating to sedim ent on phosphorus
adsorption capacity and phosphorus
forms in the sedim ent

LIDapeng’>, HUANG Yong, LIW eiguang

(1 School ofMunicpal and Environm ental Engineering, Harbin Institute of Technology Haibin 15009Q Ching 2 Depart
m ent of Enviorm ental Science and Engineerng University of Science and Technology of Suzhow Suzhou 215011, Chmna)

Abstract The enhancement on phosphorus adsorption onto sediments and the effect on the phos-
phorus foms in the sed ments by aerating to sedin entwere investigated using sedin ents fran the canpus
canal as material The results show that aeratng to sedment facilitates to the migratbn of phosphows
fran overly ing w ater to sed iments and the enhancement was more evident than that by aerating to w ater
The phosphorus adsorption capacity of sed inents after aerated was enhanced A eratng to sedin ent obv+
ously enhanced the accumu lative adsoptbn quantity of phosphorus h gher than that by aerating tow ater
Theman reason of it coull be associated w ith the organ ic matter ramoval Aerating to sedim entwould er
hance the transfomatbn fran potentially mobile phosphorus to refractory foms in the sedments The en
hancement to this transfomatbn by aerating to sedinent was more evident than that by aeratng tow ater
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1 Introducton

Phosphorus has been shown to be amajor nutrient controlling eutroph icatbnin many aquatic systems FExternal
loading is con trolkd successfully, but the release of phosphorus fran surface sed ments supports the toph © status of
hewater' "', To contol the release of phosphoms in sedin ents has been paid more and more attention in recent
years Same studies have found that d ifferent natural sedin ents have different ab ility to adsorb phosphoms in the o-
verlying water but the ability to assin ilate phosphorus depends on physical] chem ical characteristics of each sed+
ment O ther stud es have exan ined the mteractions of dissoved phosphorusw ith specific sedin ent can ponents— for
exanple Parfitt et al® boked at the sorption to iron oxides Bar— Yosef et al” at the sorption to kaolinite and
monmorilbnite and Al- Kanani and M aK enzie® at soppton to goethite and kaolinite Natural sed ments are
canposed of a different canb natbn of m neraly such as Fe,, Al,, hydroxy clay m neral The capacity of phos-
phorus adsorption onto sedinents has been attrbuted to all these canponents i sed ments

Itwas found” the fomaton of ferric hydroxidew ith associated hsh— energy sorptbn sites was pranoted after
he organicm alters n the sed mentswere oxidized M oreover with the anaerobic sedinent beng transferred to aer
obic conditions Fe( II) was oxiized to Fe( III) U at the sane tine Fe( III) can adsorb a laige quantity of phos-
phorus by fom ng Fe( OOH ) —P camp lexes or precpitates such as {Fe( POs). (OH);-, }“”. It was reported
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thatm ost of phosphows adsorbed is assocated w ith anorphous and poorly ciystalline fom s of Fe and Al and read-

soppton by Fe and A 1oxies proviles long— tem phosphorus storage[ e

This facilitates to reduce he release of
phosphorus fran the sedments It was known that the phosphorus which were adsorbed coull be transfom ed into
sane special phosphorus foms As aresulf the distrbutbn of phosphoms forms was changed due to the aerating
which pranoted he sediment re— suspension Correspondingly, the release of phosphows fran the sed ment after
aerated may be different fran the sedmentw ithout aeratbn But so far nfranation concem ng phosphorus adsorp-
ton capacity of the sediment and the transfom ation of phosphorus foms n the sed iment by aerating to sediment to
ramove the organic matter is not possble to ob tain

This paper reports results fran laboratory studies n which sed ments fran canpus canalw ere aerated under re

— suspension conditions The enhancement of phosphows adsorption on the sedinents after aerated and the effect

on the distrbutbn of phosphorus foms n the sedm ents after aerated were nvestigated.

2 Materiab and methods
2.1 Routine sampling

The samplng site is at the nletof the canal n the v Table 1 Basic properties of the sediment

n versiy of science and techno bgy of suzhou  Sedin ents properties pH  TP/mg-kg” Water content Organic content

taken fran the top layer (0~ 3 an), were stored n data 662 72855 83.69% 13.23%
capped glass flasks(4 C) and then transported to hbora
tory inm ediately A fier removing the large debris the sediment sanples were hanogen ized and stored n air tight

flasks at 4 C untiluse The characteristics of the sedmentwere shown in table 1.
2.2 Experimental set— up

(1) Aeratng experinent three sets of perspex con tainers( naned E1 and E2 and E3), 154 mm dian eter X
300mm hieh were used as the reaction chanbers for the smulaton experments each set nchidng hree parallel
contaners The sedinent sanp ks (200 g net weight) were baded carefully nto the chanpers R iver water (2.5
L) collected fran the sanp ling sitew as very carefully filled in the champers not disturbing the sedinents ForE],
sed ments were aerated usng a canm ercially availab le aerator at the rate of 25 L* m n "forl0mn® d ', and the
sedments were suspended canpletely For E2  overlyng water was aerated usng a canm ercially available aerator
at the rate of 25 L* mn ' for I0mn* d ', and he sedinents were not suspended canpletely For E3 no any
tream entw as used on the sedment and water so the sed ment was not suspended can letely, beng the control ex
periment The experments were started ( day 0), and then miem ittent mon itoring of solble reactwve phosphows
(SRP) mn the overlying waterwas conducted

Over 29 days the sedmentswere obtaned fran each chanber Theywere dried, ground and then sieved w ith
a standard 100 mesh sieve The sediments fum E1 E2 and E3 were named ES1, ES2 ES3 respectvely The
raw sed inents were nan ed ESQ

(2) Phosphorus adsoptbn experments an amountof0.50 g dried sedment sample was put n 100 mL test
wbes contanng 50 mL water collected fin the rver and five parallel sanpleswere started The tubes were mar
bated at(25 £1) C in an rec procating shaker at 180~ 190 * mn "for24 h A fier equilbrium and centrifiation
(3500 re mn ' for20m in), the equilibrum phosphate concentraton ( SRP) and total phosphoms(TP) concen
tration were analyzed Based on the difference beween the iitial phosphate concentration and the equilbrium
phosphate concentratbn and blank controls the adsorption rate of phosphate was calculated and the adsorption
rate of TP was calcu hted as the sane The residual n the test tubeswas continuously used to adsotb phosphorus n
he water n order to reveal the ability of sed ments afier aerated to adsorb phosphorus sequentially The steps above
— mentioned were repeated The adsorption experinents were repeated 4 tmes
2.3 Chanical analysis

The foms of phosphorus were detem ined on dry sanples by extractng phosphorus accord ng to the scheme of
RydinI " Sedin ent and extracted soliton were separated through a centrifugalm achne(4 000 r* min ' for 20



+ 236° Z k£ o Kk ¥ A KR H F ¥ K % 26%

min). The sold phase was used for he next extracting procedure and the solution was filtered through 0. 45 Bm
polam de filter for subsequent PO,” analysis Sed mentary phosphorusw as separated into (a) NH4sCl- P ( bose
ly phosphowms); (b) BD- P( phosphorus absoibed to iron and manganese); ( ¢) Al- P ( phosphoms exchangea
blewith OH , mainly abm inium); (d) NaOH — niP( organic— P, inclidng bacteria— mncorporated phosphor
us); (e) Ca— P(phosphoms fom s sensitive to low pH, assumed to consistm anly of apatite); ( f) Resdual- P
( consistngm ainly of refractory organ t phosphorus aswell as the nert norgan ic phosphoms fracton). TP was the
sum of all phosporus bms

Percentage water content( wt/wt) was analyzed by loss on dryng at 105 °C for 12 h Dried sanpleswere hen
ncnerated at 550 C in amuffle fumace for 2. 5 h to detem ne the percentage ash free dry weght

3 Results and discussion
3.1 The effect of aerating on them igration of phosphorus in overlying water
Fg 1 and Fig 2 showed the variation of phosphomus n overly ng water during the process of aerating

——E1 —=—E2——E3

—9=F] —8—F2 —tr—E3

TP/mg* L™

SRP/mg* L

25 30 0 5 10 15 20 25 30

t/d t/d
Fig. 1 The variation of SRP concentrations in Fig. 2 The variation of TP concentrations in
the overlying water the overlying water

The SRP concentrations n all smulatbn tests lie n the range of 0. 010 mg* L™ 0. 104 mg* L' n
the overlying water of the reaction champers and are shown nFig 1 Itwas found hat all the SRP concentrations
w ere reduced shaply at the nextday. SRP release n E2 and E3 was found at the 3rd day however no SRP re-
lease n EL The equilbrum state of SRP n the overlyhg waterwas reached after 9d forE1(0.011 mg* L~ 1),
lower than the control experinent( 0. 016 mg* L' ), however mnE2 the equilbirun state of SRP w as reached
after 16 d 0.026 mg* L ' Itwas indicated that sedin ent re— suspension could pram ote phosphoms m gration
fran overlying water to the sedin ent Them ain reason of it could be that he fomaton of Fe, and Al was en-

P and the norgan tm atters such as Fex, Al and hydroxy clay m -

hanced due to sed ment re— suspenson
erals were increased n the overlyng water The TP concentratbns are shown n Fig 2 In El, E2, E3, TP ap-
peared to decrease slightly at the next day and no ncreasew as found w ithin 29 days The TP content in E1 was
lower than that n E2 and E3. At the seventh day the TP content n E1, E2 and E3 was kept relatvely con-
stant 0.048mg* L™, 0.063mg* L, 0.067mg* L ', respectively Itwas shown that sedinent re— sus-
pension facilitates them gration of phosphowms fran overlyng water to sed ments

3.2 Phosphorus adsorp tion onto sedin ents after treated by aerating

A eratng to sedinentmay nflence the phosphoms adsorption onto the sedment as shown nFig 3 and Fg 4

Fi 3 shows that the accumulative adsoptin quantity of SRP on different sed ments was ncreased with tine Itwas
found that the phosphorus adsorption capacity of ES1 was higher than that of other sedinents The SRP adsomption
rate of different sed ments was the greatest up to 1.192~ 1.292mg* (kg* h)~ ' atO~ 24 h and then gradu lly w as
decreased w ith tin e M oreover the ratewas about9 times higher than thatof at 96~ 120 h. The average SRP adsorp-
tbn rate on different sedinents(ESQ ESL ES2 ES3) was0. 653mg* (kg* h)~', 0.781mg* (kg* h)~ ', 0.631
mg* (kg h)_l, 0.683 mg* (kg* h)_l, respectively  The accumu latve adsopton of TP on different sed ments
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follow ed the sane trend as SRP(F i 4). Fig 4 revealed that the ability of ES1 to adsoib TP was better han that of

other sediments and the greatest accumulative adsorptbn anountwas up to 137. 2 mg* kg | while he greatest ae-
cumu htwe adsorption amount of other sedinents(ESQ ES2 ES3) was 82. 18ng* kg ' 114. 18 mg* kg ' 116.95
mg* kg |, respectivel. I he experment itwas found that TP in ESO appeared to releasew ithin 96 h to 120 h and

-1 . .
he release was up to 21. 4mg* kg , but no release in other sedinentsw as found
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Fig. 3 Accumulative adsorption of SRP Fig. 4 Accumulative adsorption of TP
onto sediments by aerating onto sediments by aerating

Itwas found that the ability of ES1 to adsorb phosphowms was better han that of other sediments The man
reason of it coul be as follwed (D the organicm atter ranoval due to aeratng to sedments In the experment
the organt content of ES1, ES2 and ES3 was decreased fium 13. 23 ( ESO) t0 9.51%, 11.98%, 12.36k, re
spectvel. Due to the organicmatter ranoval te physical- chen ical characteristics of sedin entsw as changed and
he high— enewy sorption sites such as Fe, and A l,, were increased at the sane tme @ the distribution of
phosphorus forms was varied shaply due to sedment re— suspensbn which pomoted the transfomaton of phos-
phorus fran potentialmobile Hms to refractory fom s
3.3 Effect on the phosphorus foorms in sedinents by aerating

In table 2 the distrbutbn of phosphorus foms n dif Table 2 Variation of phosphorus forms

ferent sediments is canpared There was an increase in TP of different sediments

content n the sedinents canpared with that in raw sedi sediment

ments show ng that phosphoms was ncorporated nto sed+ - ESO ES1 ES2 ES3

ments fran he overlng water durng the aeratng It was TP/mg-kg’ 72855 79748 75171 73842

found that there w ere drastic changes in the phosphorus camn— RREr Tty aesalissa el
BD-P/mg-kg” 43083 45748 41541 41676

position in different sedin ents The phosphoms in all sed+ Al-P/mg-kg” _—_TrTmTT

ments chiefly consisted of BD - P Ca- P Al- P and  NaOH-nrP/mg-ke* 2050  24.89 50.35 36.60

NH4C1- P, Res— P, N&OH — niP constiited a m nor part Ca-P/mg kg 92.76  129.56 9276  89.83

which accounted on average for 57. 28% , 13.41%, 12. 41% Res-Plog-ke” e 408 o N

and 7.08%, 5.3%%, 4. 4% ofTP, respectvely The concentration of NH4C1- P was decreased n ES], while it
was ncreased n ES2 and ES3, canparedw ith ESQ The concentrations of BD— P, Ca- P, Al- Pwere increased
n ES1, whik they were kept rehtvely constant n ES2 and ES3. N&OH — niP was ncreased in different sed+
ments Generally sediment re— suspensbn could mprove BD — P release while BD - P was ncreased n ESL

Obviousl, therewas contradiction. This associated w ith the accumu lation of Fe,x because of the DO ncrease under
sedinent re— suspension Phosphowms could be adsorbed or canplexed w ith Fe,, therefore BD— P was ncreased

M oreover readsorptbn by Fe, provides long— tem phosphoms stora,ge[ 12], show ing that sedment re— suspension
could enhance phosphorus retenton. In ES1, the net ncrease of Ca— P was up to 36. 8 mg* kg | higher han
that of rav sedin ents ndicating that sed ment re— suspension could pmmote he fomaton ofCa— P Thiswas at
trbuted to the increase of con tact pwbab ility bew een the ion of Ca and PO." i the overly ng water under he con-

ditbns of sed ment re— suspension.
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Aswell known, NH,Cl- P, BD — P and NOH — niP were consdered potentnlly mobile phosphowms

(HV[P)[B]. In he experment itwas found that the concentrations of PMP n ESQ ESI], ES2 ES3 was
69.00%, 66.00%, 70.13% and 70.5% ofTP, respectvel. Itwas showed that the contribution of PMP 1o TP
was decreased n ES1  canpared w ith that n ESQ while the value in other sedinentswas kept relatively constant

It w as suggested that sed ment re— suspension could enhance the transfomatbn of phosphorus fran potentialmob ile
foms to refractory forms It is benefical for pem anent burial of phosphorus But n the sedinents fun aerating to
water and the contol experment PM P /TP was increased slghtly, canpared wih that in rav sedin ents show ing
that phosphorus could be transfomed nio PMP at the fist step w ith phosphos m igrating fran overly ng water to
sed ments

4 Conclusons

(1) Aerating to sedin ent could pranote the m igraton of phosphows fran overlyng water to sediments and
the enhancementwas better than that by aerating to water

(2) Aerating enhanced the phosphorus adsorptbn capacity of phosphorus on sediments but he enhancement
by aerating to sedin entwas more evident than that by aeratng to water This was lkely attrbuted to the organic

matter renoval

(3) The distribution of phosphorus fom s n different sedin ents was changed obvbusk. Aeratng to sedment
would enhance the transfomatbn fran potentially mobile phosphows to refractory foms in the sedin ents Then en-
hancement to this transHmation by aeratng to sedimentwasmore evident than that by aerating to w ater
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M ycorrhizal colonization of Camptotheca acum inata seedlings
inoculated w ith three arbuscular m ycorrhizal fungi

12 1 . 1

YU Yang , XIE Gue-en, YAN Xirfeng
(1 College of Life Sciences N ortheast Forestty U niversity, Harbin 150040 Chmng 2 College of Life Sciences Jamusi University Jimusi 154007
China)

Abstract Canpiotheca acun inata seeds were sown in sterilized sands n the greenhouse A fter 35 - day growth

seedlings were nocu lated w ith three species of arbuscu larmycorth izal fungi (AMF), Acaulogpora m ellea, Glomus
digphanum, and Glonus intraradices. Mycorthizal colonizaton of C. acum inata seedlings noculated with AMF
were investigated The results showed thatmycorrhizal colon izatbn frequency rootmycorih izal colon ization ntenst
ty, arbuscular abundance and vesicle abundance increased w ith the grow th of C. aam inaia seedlngs and the -
crease of days after inoculating w ith abuscu hrmycorrh izal fungi Campared w ih others A caulopora mellea mycor
thizal fungiw as easier to nfectC. aam inata seedlings and to Hbm aibuscular and vesicle

Key words Canpiotheca acuminata seedlings aibuscularmycorrthiza colon ization
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