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List of activities.

Yoram Avnimelech visited the Inst. of Environmental Engineering of
the Polish Academy of Sciences on Oct. 1-4/93. Discussions of
scientific plans and administrative problems were discussed. (See

appendix 1).
Samples of peat and composts were collected.

Methods for the conductance of adsorption isotherms were developed.
The main problem was to run the adsorption trials at a pH close to
neutrality, vyet 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

tkat demended a number of trial and error repititions.
A reproducible method was established. (Appendix 2)

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.

The work in poland was delayed due to both administrative problems
and difficulties to sample in the winter. The work 1is 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. lrena 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 (Sclid:Solution ratios, pH, lonic 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
prcperties will be related and correlated to different properties of

the tested materials. (Detailed plans to be madc soon)!

The adsorption of Cr and As wiil 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 LT.

2. 10+ peat, compost, sludge sampling YA

3. Test adsorption isotherm techniques

and send to Poland YA

{IT sends the technique she uses }.
4. vend 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 Il IT, YA

Probable visit of Dr. Malik Kochba
to Poland
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TECHNION
JSRAEL INSTITUTE QF TECHNQLOGY

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

Dr. Inz. Irena Twardowska
Polish Academy of Science

Inst. of Environmental Sciences
41-800 Zabrze

Curie-Sklodowska St 34

POLAND

Thank vou 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 eamples of compost.

Running the 1isotherms at a neutral pH was & problem, since at the
very high adsorption capacity of the substrates, we ran into a

of the heavy metals precipitation. Thus we euggest to
of

problem
cempromise and run the isotherms at a pH of 5.5. The adsorption

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

pH values 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 1isotherms and to be able to take samples that will

represent high and low adsorption capacities.

-A -



A STANDARD METHOD TO OBTAIN AN ADSORPTION ISOTHEFMON PEAT.

Introduct

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.

Mz ial 3 .

Acetate buffer:

57.5 ml Na-Acetate, 2N
12.5 ml Acetic acid
complete to 1000 ml.

Stock solutions of Cu304 and ZnS04, having a metal
concentration of 1000 mg/l. (2.744 g ZnS04.H=20, 3.929 g
Cu304.5H20 per 1000 ml).

rih Meter

Conductivity Meter

Centrifuge

Atcmic adsorption spectrophotometer

Funnels

Filter paper (Whatmen # 1 or 42)

Plastic bottles (200 ml)

Semple 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).
_{Z -



Since peats have a high buffer capacity and a variable pH range,

of the peat suspension has to be adjusted before the start
It was found that the suspension of the sample

the pH
of the experiment.

in a buffer solution does not satisfy the need for the maintanance
of a constant pH. A pretreatment addition of acid (or base) is

a

necded 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

preat substrate.

Buffer and HCl mixture (50 ml) are a&add-d to 10 g samples of
substrate. The suspension 1s pre-equilibrated over night (16 h).
Fiftvy ml solutions of Cu or Zn sulphates are then added
(concentration range of 0 - 500 mg/l).

The suspension are shaken for an additional period of ca 20 hours
and than filtered through z Whatman # 1 cver % 42 filter paper. In

cacses when Tiltration is too slow, the separaticn is made by

In each batch, the metal concentration in the blank solutions
(vufier + metal as added to the substrate) and equilibrium

solutions are determined by atomic adsorrption.

Emount adsorbed = A = [ C(t=0) - C (t=final)l/10 (mg)
Specific emount adsorbed = A/m = (A/10)x1000 (ug/g)
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ISOTHERM OF Zn ON BOT. HULA PEAT
pH=56.3 EC=17.5 ds/m
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Regression Qutput: b= 7020 Pgr/gr

Constant 0.034225
Std Err of Y Est 0.004423 K 4.16E-03
R Squared 0.802544
No. ¢f Observations 14
Degre=es of Freedom 12

X Ceefficient(s) 0.000142
Std Err of Coef. 2.03E-05

ISOTHERM OF Zn ON UP HULA PEAT
pH=5.5 EC=11.1 ds/m
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ISOTHERM OF Zn ON COMPOST
pH=5.6 EC=17.8 ds/m
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Regressiocn Output: b= -3703 ugr/gr
Constant 0.278567
Std Err of Y Est 0.080979
R Squared 0.107946 K -G.7E-04
No. of Observations 13
Degrees of Freedom 11

A 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 ds/m
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ISUTHERM OF Zn ON COMM. PEAT #2
pH=5.5 EC=7.7 ds/m
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ISOTHERM OF Cu ON BOT. HULA PEAT
pH=5.5 EC=17 ds/m
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Regreesion Qutput: b= ce02 ET/gr
Constant 0.003274 r

Std Err of Y Est 0.000719 K 5.45E-02
R Squared 0.940597

No. of Observations 14

Degre=s of Freedom 12

X Coefficient() 0.000179

Std Err of Ccef. 1.3E-05

ISOTHERM OF Cu ON UP HULA PEAT
pH=5.4 EC=11.1 ds/m
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ISOTHERM OF Cu ON COMPOST
pH=5.8 EC=18.5 ds/m
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Regression Output: b= 4747 /Jgr/gr

Constant 0.005202

StdErr of Y Est 0.001914 K 4.05E-02
R Squored 0.951643

No. of Observations 14

Degrees of Freedom 12

X Coefficient(s) 0.000211

Std Err of Coef. 1.37E-05

ISOTHERM OF Cu ON COMM. PEAT #2
pH=5.5 EC=8.9 ds/m
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Regression Output: b= 5525 /Jgr/gr
Constant 0.002218
StdErr of Y Est 0.000291 K 0.082
R Squared 0.992427
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) 0.000181
Std Err of Coef. 6.45E-06
ISOTHERM OF Cu ON COMM. PEAT #3
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POLISH ACADEMY OF:SCIENCES | YYCAD
DISTITUTE OFENVH{ONMET\’TAL ENG]NEERING

34, M.Sklodowska-Curie St., 41-819 Zabrze, Poland
TEL. +438 (0)3’ 1716481 FAX +48 (0)3 17174/0
E-mall 1p15 @ usctoux 1 cto s, edu p] '

To: Prof Yoram Avn.unelech
TECHNION - Israel lnsu*u
of Technolocry
The Laboratory for Management
of Environmental Systems. ‘
The Facultv of Agncultural Engiveering.
TECHNION CITY, HATFA 32000, ISRAEL
FAX: 972 (4) 227 =" _

Number of Pages: 2 | - April 5, 1994
Dear Yoram:
RE: CDR Grent No. TA-}\~IOU-C12;050

Thank vou for your fax mzss:g,cs of 5.12. 1993 5.05.1594 with scme of your resuhs (isotherms of Cu on peats
#1 & #2, Bot Hula Pear and composz) and of 4.04. 1994. Indezd, the commwuricat®on was not perfect up 1o now,
but I can assure you that since now it will be acequzue though except a copy of 2 request for penocxc advance
ve hzve not received yet even a penrv In fzet, a halfyear advance in equal instelments is not thé most
convenient form of paymexzt, considéring the planned 2ad accepted budget for 3 vears.

Simultaneously ‘with this fax, 1 am sending a proforma icvoice .of Perkin Elmer AG for Atomic
Absorption Spectrometer Model 3300_with accessories, total 39039 US $ with 8% Svecial Discount for
Prepavment and validity of cuotatxon until 26.06.94. It would be a pity to loose 3395 US § of discount, .
The money should be transferred by you directly to the PE account (see page 2 of the invoice). The rest
of the budget can be transferred to our Institute account according to the schedule, i.e. 17;000 US § in
the first year and 10,500 US § in the following two years in any inctalments, e.g. quarterly or half-year's,
according to your convenience. Please, do consider this my request. I hope that you will arrange the
pavments properly and with your usunal efficiency, and thoroughly rely on you in this respect.

Now, the results and plans 01'1 our side:

1. Selection of peats for samphng and m»stloabons
From datzbase comprising 50807 peat deposns in Poland, in this 8876 highmeor and transitory fypes

and 41531 lowmoor deposits (m:mcrs of peat-bogs registered in dazzbase enciosed, Plg 1), lowmoor
=ats showing higher pH rznge (pH 5.5-6.5) then highmoor oass havs bean selected Yor.adsorption studies:

Sphagaum Moss peat from thz Pilica :u:d Vistuia R.w.r basin; as.. content (AC) 25.5, decomposition
rare (DR) 43; : '
Hypnum Mass peat from the Pilica 2ad Vistula River basin; AC 16.2, DR 60;
Sphegnum/Hyprum Moss peat from the Wiercica and Warta River basin; AC 18.0, DR 35-60
Sedge peat from the Pisz River basin; AC 9.6, DR 30 :

Rush pear from the Pisa River basin; AC 9.6, DR 40

Rush-Sedge pear from the Wazta River basin; AC 38.6, DR 33

Sedge/Hypnum Moss. peat from the Negocin Jake; AC 19, DR 40

Hypoum/Sphagnum Moss peat from the Niegocin Lake; AC 12, DR 35

Hyprum Moss/Rush pez: from the Wartz River basin; AC 22.9, DR 52

Sedge peat from the Warta River basie; AC 23, DR. 30 '

(I W=V PN

=\
.C)'

Atrempt of peat s..r-xplmt= dlm_g Fcbn.ary appeared nnsuecessiul becm's- of 2 snow cower 2nd frosts
The next planned term is the first half of April,
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11. Phase and chemical composition.i!]

Afier sampling, phase and chermicel corrposition of sampled pear will be estircazed, with a special regard 1o the
pincing phases (ion exchange capacity, ca-bonzies, Ma-oxides, amorphous Fe-oxides, suiphides, organic maner
and lithogenic crystailites). Iz Polish 10wTnOOL peals of pH 5.5-6.5, C20 conreat ranges usually S-om 2 10 6 %.
At Ca0>6%, pH of subsiale inczeases, occasiozzlly up to 7.5-8 pH. Io carbonatic pezts conizining
considerzble amounts of CaCO;, pH fanges from 7.1 %0 7.4, Ca oceurs usually in organic mamer and is bound
~ with adsorbed humic compouzds. Corsiderng pazwre of peats, teir dinding cepacity depends mainly vpon:
chemical composition of organic marrer that comprised humic zcids and their salts, Sulvic acids, ligninand omr:_r.
products of organic marter decomposition. In lowmoor peats, copcent-ations of C and N i organic matter 1S
higher than in highmoor ones and zmounts 50-60% C, 2-3% N, white O and C conrent increases with peat age
and decomposirion rate. Conseatrzdor of H is 5-6% and close 10 consiaat, while S conteat rarges in lowmoor
peats from 0.4-1%, v 10 '2._% $ (in highmoor peais S 0.1-0.2%, mex. 0.5%). N cortent in lowmoor peats is
zlso higher (2-3.5%) and usuelly decreases with the depth. The rypical structure of organic maner (N-organic)
in lowmocr peat: N-humic insoluble 30.43%, N-hemic soluble 9.36%, N-zmide 15.38%, N-amine 27.83%,
N_free 2minoacids 0.03 % N-unidentified 17.68%, N-NH. 0.95%, N-N0; 0.33%. (in highmoor peats comtent
_of N-Rumréc soluble and N-amride ais distiredy lower, while other N forms 2e more zbundent), Humic acid

content increases with psar zge, ¢epth 2nd DR.
Lowmoor peais conizin higher zmounts of ligair. Conceara
usually decreases with depikt.
Chemical compositon of asa is changsabic. Ash of lowmoor peats cop:zirn cozsiderable amounts of Cz; Fe and
some other alkzline species. Ash of lowmocr pears comprises C20 (3-67%), Me0 (0.3-0.45%), K.O (0.07-;
0.2%). Na,0 (0.1-0.2%), PO (0.05-3 %, of organic or wineral origin); Fe,0; up 10>3%, sOTmenmes ud 10
20% zr high AC, usually in surizce iavers of peat-bog; Si0: contents depends o ike sand and clay admixmere
: ALLO, increzses proportionally 1o AC, in Jowmeor peats tp 10 2.5%. Besices, Polisi

sometimes is up 10 40%; . _
peats contzin considerable zmounss of Ti zad Ma, ez corcentrations of B, Cu, Za and low contents of Co

and Mo. . A
Phace zud chemical compesitien of the sciecied samples will be estimated atier sempling,

tioq of fulvic acids is changeable (3.3-25.2% )and

. Binding of heavy metals in peats

Consicering phese 2nd chermical competidon of Polish Jewmoore peats, erganic/sulphidic frection F5 seems 10.
e the imain binding phase, though carbonzles (F2) zd Fe-oxides (modermiely reducible phase F4) czn also pley

an impoctent role, Per anziogy witywe:thered coal mning wastss [2], 2 probzbie order of binding swength ior
investigated metzls is Cr, > Cu > Za > Cd, ard e same2 order with respect to bound zmounts, either at

separate ot simuliancous dbinding.. Thc ~obijizerion capasity is expested i advesse order, having in mind
chemiczl fractionzrion of metals. Chromium is bowmd predomizzntly in F+ z‘:d’to iesser extent in F5 phase imd

does Hot cozapete with other metzls n adsorprion fractions, taerefore irs binding strength and capacity supposed”
10 be the highest. Copper will be probebly adsorbed in high amourrs in cashonzzic fraction F2, successfully
competing with zine, and i3 oxidizzble frection F5, while Cd is expected to bé bound mainly In the most lzbile”
exchangeable frecdons, and to show sTong susceprbiity 10 remobiiizarion e to strong competition of Cu and

Cr aico in carbonztic F7 #nf reducible F3 znd F4 frections (example Fig. 2). As skows very high mobility
under = wide rznge of pH-Eh, and fis mobility cza be probebly reduced due 10 binding in sulphidic fraction al.
loew Eh. The adsorption efcieacy is supposed to be higher at aci@ic pH of inpurt solutions, while at kighly.
alkaline pH of input soluticn, solubLizzicn of huzrc acids could be expected. In these cases, highmoere acidic :
peats could be more effciear. These assermpriozs seed 10 be proved by experiments, that will comprise

2dsorprion-desorpiion barch zné columm experiments, as weil s chemical f-2ctiopztion of meials by sequential:
extracsion. Baich experimenss znd cherical racionztion for seperzie ard simuitaneous binding is being planned”
10 be carried our by the ead of August. More fime-coasuming cciumn experimezis il be conrinved. ‘

IV. Mechanism of met=] binding in peat. .

Besides phase zpproach, machanistt of binding also will be iavestigated (inesT bording, precipitation, adsorption,

co-precipirarion, coatings, focculation) after the determination of full adsorption capacity of substrare witt

respect 1o studied metals. : T
V. References y : , ' )

1 J.K. Frankiewicz (1980}: Peat properdics; In: Warld raw marerizls, Pept. Wyd. Geolog., Warsaw, 24-46;
2.1. Twaerdowska, B.Jarosizek2 (1992): Barrier capacity of weaikered cozl mining wastcs with respect 1o heavy.
mete] zad orgagic comsamirants. In: D.W.Tedder (Ed): Emerging Technologies for Hazardous Waste.
Maragement. 1992 Book of Abstrects, ASC, Washingion, DC, Vol.I1, 6¢9-651 :

P.S. This letter and Perkin Elmer proforma invoice is sent 1o you by éxpress mail. Please confirm the’

recelpt- BEST AVAILABLE DOCUMENT
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