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List of activities.
 

1. Yoram Avnimelech visited the Inst. of Envir'onmental Engineering of
 

the Polish Academy of Sciences on Oct. 1-4/93. Discussions of
 

scientific plans and administrative problems were discussed. (See
 

appendix 1).
 

2. Samples of peat and composts were collected.
 

3. Methods for the conductance of adsorption isotherms were developed.
 

The main problem was to run the adsorption trials at a pH close to
 

neutrality, yet at a pH in which precipitation will not occur. It
 

was decided to run the trials at a pH of 5.5. The control of the pH
 

in a system that contain peats of different pH values was a problem
 

that demanded a number of trial and error repititions.
 

4. A reproducible method was established. (Appendix 2)
 

5. Adsorption isotherms of Cu and Zn were established according to the
 

plans. (Examples given in appendix 3).
 

The laboratory in Israel is now starting with the characterization
 

of the substrates and the study of the correlation between the
 

substrate's properties and adsorption parameters.
 

6. The work in poland was delayed due to both administrative problems
 

and difficulties to sample in the winter. The work is planed to
 

start presently. (Appendix 4).
 



APPENDIX 1 

TECHNION 

ISRAEL INSTITUTE OF TECHNOLOGY 

THE LABORATORY FOR MANAGEMENT OF ENVIRONMENTAL SYSTEMS 
THE FACULTY OF AGRICULTURAL ENGINEERING 

TECHNION CITY, HAIFA 32000, ISRAEL 

Tel: 972-4-292480 Fax: 972-4-221529 

Oct.4, 1993 

AID Project, Discussion with Dr. Irena Twardowska. 

1. Administrative points. 

a. The agreement was signed and a letter about proper accounting was
 
writen.
 

b. Yoram will send examples of bill and financial report to Irena.
 

2. Technical aspects.
 

Different technical aspects were discussed.
 

There is a need to agree upon a number of standard techniques:
 

a. Adsorption isotherms (Solid:Solution ratios, pH, Ionic strength,
 

ionic composition, shaking duration, filtration etc.).
 

The exact technique has to be tested and approved.
 

b. Polar and non - polar adsorption.
 

c. Sequential extraction.
 

The first phase of the work will be devoted to sample peat and 

composts and to run adsorption isotherms of Zn and Cu on these 
samples. The goal is to characterize the different material in respect 

to the adsorption capacity and intensity. Subsequently, the adsorption 

properties will be related and correlated to different properties of 

the tested materials. (Detailed plans to be mad.- soon)l 
The adsorption of Cr and As will be measured later. 



The first phase will be devoted also to laboratories quality control. 
2-3 samples, 2 Kg each will be exchanged among the two laboratories 

following sampling (Air mail shipment). 

TIME TABLE FOR FIRST PHASE. 

SUB PROJECT RESPONSIBILITY 

1. 10 + Peat sampling, Poland I.T. 

2. 10+ peat, compost, sludge sampling YA 

3. Test adsorption isotherm techniques 

and send to Poland YA 
(IT sends the technique she uses ). 

4. tiend polar & non-polar adsorption 

methods to Israel IT 

Running adsorption isotherms (according 

to methods of 3) with Zn & Cu IT, YA 

Test adsorption of organics YA 

Send results to each other IT, YA 

Planning of Phase II IT, YA 

Probable visit of Dr. Malik Kochba 

to Poland 



TECHN ION 
ISRAEL INSTITUTE OF TECHNOLOGY 

THE LABORATORY FOR MANAGEMENT OF ENVIRONMENTAL SYSTEMS 

THE FACULTY OF AGRICULTURAL ENGINEERING
 

TECHNION CITY, HAIFA 32000, ISRAEL
 

Tel: 972-4-292480 
 Fax: 972-4-221529
 

5.3.94
 

Dr. Inz. Irena Twardowska
 

Polish Academy of Science
 

Inst. of Environmental SciencF's
 

41-800 Zabrze
 

Curie-Sklodowska St 34
 

POLAND
 

FAX t 0048 32 717470
 

Dear Irena:
 

Thank you very much for your recent letter. I am happy that the 
administrative arrangements are finally being settled and that we 

can start the work. 

Since we met we have collected a few samples of peat in the Hula
 

Valley, 3 imported samples and a few samples of compost.
 

Running the isotherms at a neutral pH was a problem, since at the 

very high adsorption capacity of the substrates, we ran into a
 
problem of the heavy metals precipitation. Thus we suggest to
 

compromise and run the isotherms at a PH of 5.5. The adsorption of
 

the metals decrease at acidic pH, yet it seems that the practical
 

pH vdlues that we will be involved with in industry are acidic.
 

Enclosed, please find a few examples of adsorption isotherms that
 
we have obtained. The adsorption capacities found were in the range
 

of about 4 - 8 mg/g. With compost we got (has to be rechecked) a
 

lineare adsorption with no hint for a saturation. We are now going
 

to run more isotherms and to be able to take samples that will
 

represent high and low adsorption capacities.
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A STANDARD METHOD TO OBTAIN AN ADSORPTION ISOTHERMON PEAT.
 

Introduction.
 

The goal of this proposed standard method is to measure heavy
 

metals adsorption on a variety of oragnic substrates (Different
 

peats, composts, sludges).
 

The major external chemical variables that are known to affect this
 

process are firstly the pH as well as the electrolyte
 

concentration, ionic composition and the solid/solution ratios.
 

These variables have to be kept constant.
 

Materials and equipement.
 

Acetate buffer:
 

87.5 ml Na-Acetate, 2N
 

12.5 ml Acetic acid
 

complete to 1000 ml.
 

Stock solutions of CuSO4 and ZnSO4, having a metal 

concentration of 1000 mg/l. (2.744 g ZnSO4.H20, 3.929 g 

CuS04.5H20 per 1000 ml). 

IMeter 

Conductivity Meter 

Centrifuge 

Atomic adsorption spectrophotometer
 

Funnels
 

Filter paper (Whatmen # 1 or 42)
 

Plastic bottles (200 ml)
 

Preparation of the sample.
 

Sample of the material (1-3 1) is placed in a wide diameter
 

Buchner funnel over a Whatman # 1 or 42 filter paper. The substrate
 

is leached slowly with distilled water, by a water:solid ratio
 

(W:W) of 5:1.
 

The washed sample is than vacuum dried and kept refrigirated (ca
 
50C).
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Since peats have a high buffer capacity and a variable pH range,
 

the pH of the peat suspension has to be adjusted before the start
 

of the experiment. It was found that the suspension of the sample
 

in a buffer solution does not satisfy the need for the maintanance
 

of a constant pH. A pretreatment addition of acid (or base) is
 

needed for each kind of peat. The pretreatment addition has to be
 

determined for each type of material.
 

Different amounts (0-50 ml) of HCl 0.5N are added to ten g samples
 

of the substrate. Volume is made to 50 ml. with the acetate
 

buffer. pH is measure following an overnight (16 h) shaking period.
 

An acid addition that yield a pH of 5.5 is used later for the given
 

peat substrate.
 

Mrasurement of the adsorption isotherm.
 

Buffer and HCl mixture (50 ml) are addsd to 10 g samples of 

substrate. The suspension is pre-equilibrated over night (16 h). 

Fifty ml solutions of Cu or Zn sulphates are then added 

(concentration range of 0 - 500 ig/l). 

The suspension are shaken for an additional period of ca 20 hours 

and than filtered through a Mhatman ' 1 over t 42 filter paper. In 

cases when filtration is too slow, the separation is made by
 

centrifugaticn.
 

in each batch, the metal concentration in the blank solutions
 

(buffer + metal as added to the substrate) and equilibrium
 

solutions are determined by atomic adsorption.
 

Calulation of the results. 

Amount adsorbed = A = C C(t=O) - C (t=final)]/l0 (mg) 

Specific amount adsorbed = A/m (A/l0)xlOOO (pg/g) 

-- 57
 



ISOTHERM OF Zn ON BOT. HULA PEAT
 
PH=5.3 EC= 17.5 dslm
 

4000, 4.OE-02 
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R Squared 0.873553
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X Coefficient(s) 0.00021
 
Std Err of Coef. 2.22E-05
 



Regression Output: 
Constant 0.004225
Std Err of Y Est 0.004423 

b= 

K 

7020 
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ygr/gr 

R Squared 
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0.803544 
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ISOTHERM OF Zn ON UP HULA PEAT 
pH=5.5 EC = 11.1 dslm 
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ISOTHERM OF Zn ON COMPOST 
PH=5.6 EC= 17.8 dslm 
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Regression Output: b= -3703 ugr/gr
Constant 0.278567 
Std Err of Y Est 0.080979
 
R Squared 0.107946 K -9.7E-04
 
No. of Observations 13
 
Degrees of Freedom 1i
 

X Coefficient(s) -0.00027
 
Std Err of Coef. 0.000234
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ISOTHERM OF Zn ON COMM. PEAT #3 
pH=5.3 EC= 7.3 dslm 
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ISOTHERM OF Zn ON COMM. PEAT #2 
PH=5.5 EC = 7.7 dslm 
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ISOTHERM OF Cu ON BOT. HULA PEAT 
pH=5.5 EC=17 ds/m 
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Constant 
Regression Output: 

0.003274 
b= 5602 pgr/gr 

Std Err of Y Est 
R Squared 
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Degrees of Freedom 
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ISOTHERM OF Cu ON UP HULA PEAT 
pH=5.4 EC = 11.1 dslm 
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ISOTHERM OF Cu ON COMPOST 
pH=5.8 EC= 18.5 dslm 
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Constant 
Regression Output: 

0.005202 
b= 4747 jgr/gr1 

Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

0.001914 
0.951643 
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ISOTHERM OF Cu ON COMM. PEAT #2 
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Constant Regression Output: 0.002218 b= 5525 pgr/gr 
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ISOTHERM OF Cu ON COMM. PEAT #3 
pH=5.3 EC=6.3 dslm 
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k'OLISiI[ ACADEMY OF 'SCINCES
 
-NSnITI E Op.ENViRONMENT.L ENGI'-EERI-G
 

34, M.Sldodowska-Curie St., 41-819.Zabrze, Poland 
TEL. +48 (0)3!.1716481" FAX +48 (0)3 1717470 

E-mail:.ip @ iisctux 1.'cto.us'edu.pl 

To: 	 Prof. Yoram Avnimelech.
 
TEC1NION - Isral Inisdtute
 
of Technology
 
The Laboratory f6r Mana.gement
 
of Environmental Systems.
 
The Faculty of Agrcultur1 Engineering
 
TECHNiON CITY, H-LAIFA 32000, ISRAEL
 
FAX: 972 (4) 22?'
 

Number of Pages: 3 	 April 5, 1994 

Dear Yoram: 

RE: CDR G.an No. TA-INOU-C12-050 

Thank y6u for your f,.x messages of 5.12.1993, 5.03.1994Nwith some of your results (isotherms of Cu on pears 
#! & 2, Bot FIula Pear and conpost) and of 4.04.1994. Indeed, the commun cation was notperfect up to now, 
but I can assure you.that since now it w'2l be adequate, though except a copy of a request for periodic advancn 
ve have not received yet even a penry. In fzrt, a half-year advance in equal ibstalments is not the most 
convenient form of payment, consider'ng the planned and- acepted budget for 3 ye.-s. 
Simultaneously'with this fax, I am sending a proforma invoice of Perldn Elmer AG for Atomic 
Absorption Spectrometer fodel 3300with accessories, total 39039 US S with 8% SMeeal Discount for 
Prepavrment and validity of cuotation untI 26.06.94. It would be a pity to loose 3395 US S of discount.. 
The money should be transferred byyou directly to the PE account (see page 2 of the invoice). The rest 
of the budget can be transferred to oirInstitute account according to the schedule, i.e. 17;000 US $ in 
the firs-t year and 10,500 US S ith'efollowing two years in tiny instaleitS, .:, quarterly or half-year's, 

according to your convenience. Please, do consider this my request. I hope that you will arrange the 
payments properly and with -,ourusual efficiency, and thoroughly rely on you in this respect. 

Now, the results and plans ofi our side: 

1. Selection of peats for sampling and investigations. 
From database comprising 50807 peat deposits i' Poland, in this 8876 highmoor and transitory types 

and 41-931 lowrnoor deposits Chumbers of-pear-bogs registered in database enclosed, Fig. 1), lowmoor 
peats showing higher pH range (pH 55-6.5) than highmoor ones have been selec:ed for. adsorption studies: 

Sphagnum Moss peat from the Pilica and Vistula River basin; ash conte (AC) 25.5, decomposition 
rare (DR) 45; 

2. 	 Hypnum Moss pear fom. the I"cha. aad Vistula River ba.in; AC 16.2, DR 60; 
3. 	 Sphlpum/lHypnum Moss peat from the Wiercim and Warta River basin; AC 18.0, DR 35-60 

Sedge peat from the Pisa River. basi; AC 9.6, DR 30 
5. 	 Rush pear from -hJ6Pi-'a River besin; AC 9.6, DR 40 
6. 	 Rush.Sedge pca from the Wa-ta River basin; AC 38.6, DR 33 
7. 	 Sedge/Hypnnm Moss'ueat from the Negocin lake; AC 19, DR 40 
S. 	 Hypn=u/Sphagnum Moss peat from the Niegocin Lake; AC 12, DR 35 
9. 	 Hypnum Moss/kusbie : from the Waut. River basin; AC 22.9, DR 32 
10. 	 Sedge pear from the Warta River basin; AC 23, DR. 30 

Attempt of peat sampling during February appeared unsuccessful because of a snow cower and frosts. 

The next planned term is the frst aalf of April. 

BEST AVAILABLE DOCUMENT 

http:26.06.94
http:1.'cto.us'edu.pl
http:E-mail:.ip


l. Phase and chemical composiWoniOl 

After saMPling, phase and chemical composition of sampled peat will be es rmr:cd, wi',h a spccial reg--d to the 
_ner 

binding phases (on exchange capacity, c-bom.,es, Mn-oxids, .morpous Fe-oxides, sulplides, orgaruc m 

aid lithogenic ciyszailites). In Polish ]oW',noor peal= of pH 5.5-6.5, CaO coneni rangcs usually from 2 to 6 %, 

At CaO>6%, pH of subs:rate inceees, Qccsior:aly up to 7.5-S pH. In carbonatic peaLs containing 

,ages from 7.1 to 7.4, Ca occurs -sually in organic matter and is bound
considerzble amovmts of CaCO.-PH 

with adsorbed humic compounds. Cons:de.-'ng n.a-ure of peats, their binding capaciky depends mainly upon 
ig-.and other 

chemical composition of organ.c inarrer hat comprisedhinic acids and their salts, f'lvic acids, 

products of organic mar-er'decompos-tion. In lowmoor peats, concenta-tiOns of C and N in organic matter is 

increases wvth peat age
hiei'er than in highmoor ones and amounts 50-60% C, 2-35% N, wvhile 0 and C conten 

S content ranges in lowmoor,.,hile
and decomposition rate. C.Onctraior-of -l is 5-6 % and close to conszant, 


pears from 0.4-1%, un to 2% S (m ki"noor pears S 0.1-0.2%, max. 0.5%). N content in lowimoor peats is
 

also hio.her (2.3.5%) and usually dceases wiih the depth: The typical st:-uCnre of org-ic marter (N.organic)
 

in lowmoor peat: N-hutimic insoluble 30.43%. N-humic soluble 9.36%, N-.zide 13.38%, N-amine 27.83%,
 

N-free aminoacids 0.03%' N-unidentified 17.68%, N-NO-L. 0.93%, N-N03 0.33%. (in highmoor peals content
 

of N-hu.=c soluble and N-arride s distinctly lower, while other N foras are more abundant). -lic acid
.-

content increases with peza age, depth and DR.
 

Lowmoor peas contain higher amou-ns of lignin. Concentration of fulvic acids is chngea-hle (5.5-25.2%)and
 

usua.ydecreases with dep.h.
 

Chemicai comoosition of ash is changeabIc. Ash of !owmoor petis con;air, considerable amounts of Ca, Fe and
 

Asbh of 	 owmoor pea=s comorises CaO (3-6,f), MgO (0.3-0.45%), K0 (0.07:
some other akaline specis. 

(0.05-, 5cof organic; or mineral origin); Fe,0 3 up to >3%, sometimes u: to.
0.2%), NaO (0.1-0.2%), P,_.Q 	 on ihe sand and clay admixture20% a hih AC, us'ally n rface a'es of peat-bog; SiO= contents depends 

in lowmoor peas up to 2.5%. Besides, Pbish" 
es is up to 40%; Pd;0 incre:ses proportionaly to AC,some 

Zn and low contents of Co 
pears contain considerable =mounts of Ti and Mn, m-e= corcertrations of B, Cu, 


and Mo.
 
Phse and chemical comDosi3on of the selected samples w1 be es--atae 7.,er sanpling.
 

M12.Binding of heavy metals in peats 
ic/sulphidic fraction F5 seems TO.

Considering phase and chermcal comppsiuion of Polih lowmocre peats, org 
be t-e bir.ding :ha: though c-bc::,a--t. (F2) =d Fe-oxide (mode tey ,-educib]cphase F4) can also play 

w ered coa mining wastes [2], a probable order of bird.. snength' for
amL-.ortan role. Per anaiogy w 

Cd, and the same order wik. respect to bound amomts, either at
investigated metals is Cr. > Cu > Zn > 

in adve-se order, having in mind 
secarare 	 or simultneu. bhin',g. The mobSiiion c-paci y is expeted 

ch.-e, fraczionation of metals. Ch.romium .sbotnd predominatly inF4 and to lesser extent in 15 phase id 

asdoes notr coinnete with adsorpion fracons, terefore its bindig strengh ad capacity supposed 
in czrbonazlc faction F2: successfully,.o be the highest Copper vl be probably -dsofbed in hbh amou=s 

competing -withzinc, and in o.ddizable fraction F5,while Cd is expected to b6 bound mzinly in the most labile 

xchanneabie fr-t.ions, and to show s-tong susceptfi-riy to remobi iroa due to strong competition of Ca and 
3). As shows very high mobilit.y

Cr alto in carbonatic F PidM -d.blo F3 and F4 factions (example Fi. 

a wide range of pH-Eh, nd h-.s mobility can be probably reduced due to binding in sulphidic fraction at.under 
low Eh. The adsorption effcirzecy s supposed to be higher at acidc pH of input solutions, while at highly. 

of bumic acids could be expected. in these cases, hih.moore acidic>:lkane oH of in ut sohai', so!ubil nic-i 

peats could be more eecicer. These ass,:=iozs need to be pD-oeed by ex'putmems, that will comptise 

expeimenlts, as well as chemical f-acrionation of metals by sequentil-1adsorpzion-desorption batch and coiu=m 

ex-tracrion. Batch exuerimen's nd chem'cal fracioztion for s.maraie and simauiteos binding is being planned.
 

to be c .rried out by the-end of Alagust. More .iiMe-cOnsuming conU.n exneri=e-:.s will be continued.
 

IV. M-echanism of metal binding in pear. 
Besides phz approach, m.chanis1 of biding also w.ll be investigated (inert boding, precipirion, adsorpdoa 

of substrate w.co-precipitation, coatinzs. flocculation) after the determiration of full adsotion eapaciTy 

:espect to studied metals. 
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