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1. lftlOIUCTIOll 

In the autOD090U1 prowince of loano there ia a tarp open caat lip~te 

ainiaa operation at Obilil near the capital citJ of Pri•tiaa. Aa1ociated vitb 

tbia aource of foaail f•l are two electricitJ p•ratina atationa 1 a 

paificatioa plaat and a fertiliser factory. To prOYide acientific and 

tecbaical aupport for the Electric re.er ilHluatry of loano the lnatitute for 

Reaearcb and Dnelopment (ISDS), vbicb ia located adjacnt to one of tbe poller 

plaat1 1 ba1 been functionina in ita preaeat fona aince 1979. lll:OS i1 a ... 11 

iaatitute (about 100 total 1Uff) ad cowra a wide rnae of di1cipline1 

iacludina ainina and aineral proceaailiC. cbeaical enaiaeerin11 electric power 

aeneratioa and eDYiroamental acience. 

One of the two projects aet up OJ UllIDO to atreDitben the facilities and 

ezpertiae of Il&OS is described in Appendix A, and ;u objectives for the 

preaent ai11ioa aiven a• follows: 

1be eapert will ezecute the followina ta1k1 ia co-operation vitb the 

Institute for leaearcb and Develo,.ent {IllKOS), in the Scoialiat 

Autoac.oua PrOYince of loaovo: 

1. A11iat IBOS staff prepare neutral technical 1pecification1 for 

analytical instrumentation to be used in the detection and quantification 

of oraanic pollutanu. Tbi1 aay include 111 cbrmatoaraph ancillary 

detection and 1amplia1 equi,.ent. 

2. Su11eat potential boat iaatitution1 and conteat of trainina for tbe 

pr~poaed fellovabip1 and 1tudy tours coacerDina tbe u1e of aaa 

cbrmatoarapbJ in tbe detection and quaatificatioa of oraaaic 
pollutantl. 

3. Advi1e on the 1amplia1 pro1r11111t to be undertaken by IIKOS to enable thea 

aoaitor effecti~ely tbe eatent of pollution, by toaic ora•nic coapound1 1 

of the i ... diate eDYiroa.eat around tbe Ko10¥0 111ifier plant. 

4. Prepare a report in ln1li1h for the concerned lational Authoritiea, UllDP 

and 11111.DO, 11ttinc cut the ai11ion findin11 and recommend•tioa1. 
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At tbia ataae ia tbe report it abould be appreciated tbat altbouah tbe 

preaeat atudy aad DP/YVG/17/020 b~ aeparate objecti•e• ia certain are•• aucb 

•• the euir-at, Piaur• 1, aad aho ia tbe laboratory facilities, there i1 • 

commonality of iatereat. Furtbel"90re, both aiaaioaa were ~dertaltea duriaa the 

.- time period aJad at acme •etiaa• the two projecu wen both under 

diacuaaioa. llCNeftr, it ia eaaeatial to report the two aiHioa1 aeparately, but 

where appropriate cro11 refereacea will be .. de to it ... relnant for both 

project•. 

2. DlllY or VISITS AID llEETI.CS 

Aa already pointed out there are aome ca..oa feature• to the tvo project• 

therefore for the tvo reports paragraph 1 Cezcept for the objective•> and 

paraaraph 2 are identical. The 1ub1equent paragraphs in the report vii l be 

specific to each project. 

19.9.88 

DAY l Briefing ••••ion at VllIDO Vienna. Ovia1 to the po1tal •trike in 

the UK it vaa neceasarJ to •i1it Ill Ana "-1'1, Ill L Taylor and Ill Drader to 

complete the administrative procedure•. Full technical briefing vaa received 

froa Mr R 0 Willi .... 

.!!!!...!. Flight to lelarade 

DAY 3 Briefing aeaaion at UllDP lelarade. Backaround icfor9ation to the -
work in loaovo vaa aiven by the rroKr..-e Officer Caroline Heider. 

Adlliniatrative requirement• were alao dealt vitb by Ila &eider. 

I vaa aivea a copy of the aeneral deacriptioa of tbe aaaification plant 

at Obilic, which I proaiaed to return after completion of the aiHion. 

Ka Reider aaked ae to forward aoae 1eneral article• on iaportant environmental 

ia•ue• vbicb I aareed to do. 

The flight froa lelsrade to Priatiaa vaa delayed and beiaa aet at the 

airport by Mr B Joausi aad Mr M C Jockie verJ 8Uch appreciated. 
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DAY 3 Viaited IBOS. lleetiaa vith Dr Slobodao Djetie (ea1iaeer buaineaa 

IN»ard), Dr Jaaua Zeqa (chief cb•iat?', llr Baari Jonuai (deparc.ent of 

eDYiromeatal protection), llr llilan Jocltie (Deparc.at of eniroa.ental 

protection) and Prof Alajdia Abaai (preaident of buaiae11 board). Prof Abaai 

-• introduced but CNiDI to another concurrent meeting c•ld aot 1u1. 

A aeaeral rniev of tbe laatitute'• actbitiea wa1 preaented and I 

indicated area• of 91 ova and other re1earcb and develop11ent vorlt relevant to 

the aituatioa at Obilic. 

Pollowiaa the meeting to prepare an itinerary of vi1it• a abort 

preaentatioo on tbe aiaaificaace of eai1aioaa ancl imllli.a1ioaa (the conceatrations 

at receptor• in tbe aabient atmoapbere) •a• .. de. Options were con•idered on 

the vay to determine eai11ioas fraa atationary •ource•. 

DAY 4 Dialogue vitb Mr Jaouzi and Mr Jockie covered IllKOS activitie• at 

the paver 1tatioo1, aa•ificatioo and fertiliser plant•. Tbe facilitie1 relevant 

to the project• were e:&aaiaed and included: 

A mobile laboratory for the meaaure.eat of aabieot concentration• of 

&aH• viz 03 (Bendix 8002); S~ (Monitor Lab• 8450) - 2 modulea; RO. 

(Bendix 8440) - 2 modules: CO (Beadix 8501); Eaviromeatal Cbro.atoaraph (Bendix 

8270); l>yn•ic Calibration Sy•tea (Bendix 8852) and Air Purification Sy•tea 

(Bendix 8833). The Laboratory va• not in operational condition owing to no •pan 

aa•e• being available (but are on order). 

Equipment for aea•urioa parti:ulate eai••ioo1 at •ource by an extractive 

8etbod included a StriSbleia du•t collection •J•tea and aa 'in-1taclt' Ander•eo 

impactor. 

Tbe anal1tical facilitiH within IBOS are ratber liaited, but cover 

baaic ia1trumeat1 and e~uipmeat •ucb aa atomic ab1orption, reflux and extraction 

unite, calorimeter• and 1pectro1rapb1. 

ID addition one AaderHa (C'.ieDeraJ Metal Work• lac) Bi-Vol 1aapler for 

determiai~a aabient particle concentration• i1 available. 
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26.10.81 

DlY 5 Vieiu to Kosovo 'A' aad Koae>To 11 1 Pwer Planu. 

Figure 2 indicate. tbe locatioa of tbe two powr plants and Figure 3 tbe 

local topography and river Sitaica. 

Tbe director of 'A' atation ie llr Janaltovic and tbe total c~lemeat of 

bia etaff aabera ab9ut 1700. There are fin ate• boilers burning lignite H a 

fuel and generatiq tbe folloriq naainal outputs: 

Al 65 Ill Installed 1962 

A2 125 Ill n 1965 

A3 200 MW II 1969 

A4 200 MW II 1911 

A5 200 MW II 1975 

Each boiler bas its ova stack vitb discharge height• of Al-A5 of 90, 9~, 

106, 106 and 120 metres respectively. A general inspection of tbe plant covered 

tbe combustion ayeteas, boilers, ete• turbine•, electrostatic precipitatora and 

ash/clinker disposal. Facilities for s.apling eaiHioas and general 

inatrumentation were also inspected. 

The annual consumption of lignite is of tbe order of 3.8 Mte at tbe : ,\' 

station. 

The 'I' station eaplOJ• a staff of about JOOO and the director is 

Mr r Mahi. There are tvo ate .. boiler•, burning lipite as a fuel, eacb unit 

vitb a noainal output of 339 MW (boiler 11 installed in 1913 and 12 in 1984). 

The flue aa• froa the tvo boilers feed• into a ComlOD atack vitb a di1char1e 

beiaht of 200 metrea. s .. plina position• vere ex .. ined as veil a1 the aeneral 

inatrumentatioa of the boiler plant. 

DlY 6 Viait to Gasification and fertiliser Plant 

The first dhcuHiOD vat with tbe director of the fertiliser plant 

(Mr Iii.tat) and clirec:tor1 of tbe &Hifieatioa pt.at (Mr Djerlf!k and 

Mr leatelica). Unfortunately tbe tvo plant• were not vorkin1 ovina to problems 
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vith the •te• plant suppl7iq proceH ste• for tile a••ifier and other 

tecbaical difficultiea. 

Production of aa• bH aa installed capacitJ of 400 z lo' •3/.,ear aDd 

preaeat production ia about 120.000 •3/.,ear. !lie tarptted capacitJ of tbe 

fertiliser plant i• 250.000 toanea/.,ear ad 120.000 toues/.,ear acbined. It is 

aeceaaarJ to recei•e ...onia from aaotber aource to keep fertiliser prCMluctioa 

at ita present lnel oviaa to clifficult1 with tbe •3 a,.tlaeaia plaat. 

Problea area• were identified aa tbe caaificatio. aacl fertiliser plaata 

toaetber vitb suitable ._,liq poiata for potential pollutaata. Altbou&b tbe 

paificatioa plant waa aot operatioaal. at certain locatioaa oa tbe aite 

residual B2S aacl 9ercapuaa were e•icleat. llethodoloaiea for H•pliaa at the 

sites were also coaaidered. 

DAY 7 Discuasioa vitb technical staff at IliKOS OD tbe plant visited aaG 

tbe queatioaa poaed ia ., aiad. &epor ·a of iatereat to tbe tecbaotoayl-6 

were presented aad tboae procluce4 bf IISOS7 atuclied. 

DlY 8 Tbe requiraeata for equi.-at, fellowbipa aacl training were 

eatablisbed aad vbere possible apecified. Work proar-.s wre i~eatified and • 

timetable for acti•ity prepared. 

DAY 9 A reYiev of all tbe JllKOS acti•itiea ••• held at the iastitut~ and 

I prepared network and :~tivity charu. A •is it vaa .. de to tbe Pritt ina 

Uai•eraity librarJ to oOtaia iDfomatica oa local topoarapby and sites of 

iatereat to tbe project. 

DAY 10 Visited 1•ificatioa plant because oae aa•ifier unit ••• camia1 OD 

atr••· 

leturaed to lllKOS aad preaented network and activity cbart•. 

DilY 11 Obtained further ca.buatioa iafo1111tioa frOll th• chief eaaiaeer 

of Ko•O'ro 'A' pover atation. Presented a •erbal aad outline written report to 

the Director and ataff of the lnatitute. 
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DAY 12 P1.igbt froa Pristine to Belgrade and lelgcde to Vienna. 

DAY 13 Debriefing ceaaion vith llr R 0 Villi .... 

DlY 14 ca.pleted debriefing in tbe morning and returned to tbe UK in the 

aftenooa. 

3. DISCUSSIOll 

In meeting the taeta of tbe preaent aieaion 1 reference baa been .. de to 

tbe .-orlt pre.ioualy carried out at tbe Gaaification Plant by the United State• 

EaYi~ntal Protection qeacy (USEPA). The USEPA study iDYolYed three 

a..,liag caapaigna in 1977. 1971 and 1979 to cover three different •e••~ns ia 

total. A deecription of the plant and the process flow diagr ... are given ia 

Appendix B. Data are also given on concentrations/esission rates for solid, 

li•uid and gaseous pollutants. Application of these data provide • starting 

point and it is then poHible to plan future caapaigns using 110re up-to-date 

• ..,1iag aad analytical equipment for monitoring and cbeaically characterising 

-iHioae. A knowledge of tbe locatin1 rate and coapoaition of tbe eaiHions 

caa then be used with .. teorological data for at.oepheric dispersion eetillates 

•• well as validating • model uaing -•sured .. bient concentration•. A range of 

tntative gaeeoue and particulate oraanic concentrmtions near the &Hifier ii 

given ia Table 1, but other info11Ution is eseential, i.e. avera1in1 ti.ee and 

•teoroloaical data, ueed for aHeHing their sipificance is not available. 

1'everthelees, the organic pollutants, some of vbicb are included in the USEPA 

Clletbod 610) priority pollutant•, can serve as indic•tor• •ad will also provide 

an input for field studies vbere • 'fin1erprintin1' approach to .odellina h 

ueed. 

leariaa iD aiad the •ltiplicity of sourcH, patbvaye, pbydcal and 

chemical c011pO•ition tbe next chapter will de•l vith app•r•tu• and equipment, 

fellowebipa, trainia1 aad visits. Duriaa the aission relevant publication• were 

aivea to Ille! ::=f & ia preparatioa for the propoeed future activitiee. 
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TABLE 1. - Teatative ldeatificatioa aad laD&e of Coaceatratioa• of 
Vapour and Particulate Pbaae Conatitueata ia S!!jllea Collected 

8ear YuaoalaTiaa Gasifier 

Vapour PbHe Partic•late Pba1e 

laaaeof 
Tentative Coaceatra- Teatative 

ldeatif ication tioaa, ldentificatioa 
ug/a3 

•nzene 0.33-1.8 lipbeayl 
a-c 9820 0.16-1.0 a-C19840 
Toluene 0.74-9.0 Pbeaanthrene 
•-C10•22 0.16-0.60 a-C20•42 
Ethyl Beuene 0.46-1.3 C14-Benaeae 
a-Xylene 0.20-1.3 n-C21~ 
p-Xylene 0.38-3.2 C14-Benseae 
o-Xylene 0.24-1.6 n-C22846 
Cl:mene 0.02-0.38 Florantbene (+ By~:-:-carbon) 
c3-Bensene 0.11-0.52 n-C23848 
c3-Beuene 0.25-2.0 a-C2485o 
lleaitylene 0.06-0.58 ., 256 + 274 
c3-Benzene ID-0.51 n-C25852 
c3-Beozene 0.21-2.2 n-C26854 
C3-Benzene 0.10-0.81 li1(2 Ethyl Hezyl) Phthal2te 
o-lletbyl Styrene ID-0.11 KV 226d 
lenaaldehyde 1.1-2 .8 a-C27B56 
Acetophenoae 1.3-3.0 a-C29B59 
llaphthalene 0.02-1.5 C4-Guinoliae 
2-Metbyl Naphthalene 0.03-0.25 n-C29860 
I-Methyl Naphthalene 0.01-0.15 n-C30B62 
Phenol 0.16-2.3 lenso(bj or k)Fluoranthene 
o-Creaol ID-1.0 a-C31864 
Bi phenyl 0.04-0.09 a-C32866 
Indole 0.02-0.13 a-C33861 
p-Creaol ID-0.24 a-C34870 
a-Cre1ol ID-0.36 a-C35B72 
p-Btbyl Phenol ID-0.16 

a Jm • lot Detected 
b Incomplete re1olution prevent• quantitation 
c Staadard not available for quantitation 
d llot lenso 
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Range of 
Collceatra-

tiona, 
ua/a3 

0.29-4.2 
1.8-11 

_b 
0.44-2.0 

-C 

1.0-1.7 
-C 

8.5-28 
0.93-1.l 
5.4-13 

1.6-3.8 

6.2-18 

3.9-16 

43-120 

19-10 
13-12 

_d 

11-21 
2.2-7.9 
2.3-6.2 
7.1-13 
1.4-7.2 
2.2-6.5 
1.1-3.6 
0.8-2.9 
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4. APPOATUS AID IQUIPlalT*, nu.CJllSBIPS, TIAIRIK, ns1TS OD ACTIYin 

4 .1 Apearatu• aad lguipent 

'rile •jor it- of apparatue aad equipment are •J1Kified below. Smaller 

it_. auch •• chr-.toarapbic col.-e aad ae•ral laboratory equipment vi 11 

foll• when the •jor equipment auppliere are identified. It ebould be noted 

that lllKOS already ha• a General lletal Vorlt•' Bi Vol~ particulate Sampler aad 

therefore I haTe apecified aad identified a • ..,1er for p~rt~culate and vapour 

pbaae orpnic• .. nufactured by the •- c_,..y. 

4.1.1 Apperata• for the Deterainati!I pf Yolatile Oraanic eo.ponente 

- One 9Ulti-ehot thenaal deeorption apparatue suitable for stainleH 

eteel t~bes containing Tenax or siailar absorb•=ts. The dimension• of 

the tubes to be epecified by the eupplier. 

- One aas cbromatoaraph intearated vitb tbe thel"llill deeorption apparatu• 

c.. epecified) and vith o•en di.meneione and proar-ina auited to 

deteraination of trace level• of volatile oraanice. 

- The GC (ae specified) should be fitted as standard vitb a FID and the 

necessary gas control• 

- 'rile specified thermal desorption apparatus and 111 chr011atoarapb should 

be controlled fr• a aicro-coaputer keyboard, and the aicro-coaputer 

•bould haYe inetalled aa standard: 

A. A coaprebeaai•e cbromatoarapby data analyei• facility 

B. Floppy disk drives 

C. Winchester diak drive 

* A fl- Photometric Detector ("1>) vill be purcbaHd if allocated fuada 

perait. If not IBOI ahould coadder purchaaina one fr• it• ova buda•t. 

10 
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- Sl!parete to tbe iteaa alreadJ specified, but vith de.onstreted 

campatabilitJ, • detector capable of discriainating between anal1te 

90lecules bJ .... fra..-ntation ia required. 

4.1.2 !pparatua for tbe Anelyaia of Polyaromatic llydrocarbona (PABs) 

- One bigb perfomance liquid cbrcmatogreph (BPtc) prniding rheodyne or 

siailar injection port, iaocratic end gradient aolTent progr..-i.ng, 

tbel'90-Controlled colUllD enclosure and UV detector. 

- Variable wavelength fluorescence detector vith a flow cell suitable for 

BPLC effluent 11eeaurements. 

- Tvo chrcmatographic columns suitable for the oetel'llination of the 16 

prioritJ pollutants for PAR• specified ~v the tnited States EP/ (Method 
610). 

4.1.3 Particulate and OT1anic Vapour Saapler 

- One Andersen Caanufactured bJ General Metal Vorlta) Model PS-1 PUF 
(Polyurethane Foaa) aa.pler. 

- One GMV Calibretion Kit vitb llS curve. 

- One additional gla•• certridge. 

The aa.pler to operete froa a 115V 50 cycle electrical •upply. 
latiuted COit $4200. 

4.2 rellov1bira, Trainin& and Acti•ity 

rigure 4 is a 'lar Cbart' iatieatina the proposed aetivitJ plea. The 

plaa ba1 taken into account the requir ... at1 ai•en bJ IlllOS and aeelt1 to present 

activitJ in a loaical va1 leadiaa to an adequatel1 equipped and trained staff. 

Clearl1 there vill be variatioa1 froa the plaa caused by problea1 aueb a• IllXOS 

1taff availabilit1 and the oraaai1atioa of bo1t in1titutiona but in ., view the 

OYerall tlme•cale it reali1tic. 

11 
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4.2.1 Key to Jar Chart Activity 

(1) Circulation of tenders for inatrumenta and equipment. 

(2) Aaaea-nt of tenders and placiaa orclera for instruments and equipment. 

At tbia stage additioaal itaa 1 clependiaa on •jor iteas of equipment 

•elected can be ordered. Alao a cbeck will be .. de of conforaity to the 

budzet ceiling of $12~. 

(3) lleceive, check and bench teat where appropriate. In the case of the gas 

cbromatograpb and high perfol"98nce cbramatoaraph a visual check only. 

(4) Set up laboratory at llltOS to accomlOdate GC, BPLC, FPD, Estraction, 

Desorption and laboratory support facilities. 

(5) Evaluate analytical procedure• for aaaplea of known coapoaition. 

(6) Check •mpling procedures and •nalytical method• for aource emiHions, 

workplace and/or aabient atmospheres. 

(7) Carry out 'pilot' H•pling and aea•ur.-ent c_,aign for eaiHions, 

workplace and aabient at.oapheres. 

(8) Aase•• the environmental significance of the pilot study. 

(9) Plan 'full-scale' a.-pling caapaisn. 

(10) Coimience aaaplina and .ea1ur.-ent c.apaian. 

4.2.2 Fellov1hip1 and Trainin& 

(11) Methods of deaorption/extraction of or1anic1 from sub1trates and/or tenax 

or 1i.ailar ab1orbents. 

Identification and quantification of the de1orbed/extracted organics. 

Althouah not e••eatial it is preferable for the fellovahip candidate to 

cover the two area• of apechlhation at H institute vith liailar 

12 
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( 12) 

in•trument•/equif19ent to tho•e •pecified under 4.1.1. 

A period of 4 llODth• ia propoaed by IllCOS and in ay viev ia tbe ainimm 

required. Tbe following candidate bo•t institution• are •uaae•ted: 

(i) Warren Spring Laboratory (WSL), Stevenage, Bert. 

(ii) Health and Safety Executive (BSE) Laboratory, Cricklewood 

(iii) lf-T-TIK>, Apeldoorn, Retberland• 

(iv) .Argonne Rational Laboratory, Argonne, Illinoi• 60439, DSA 

If inatitutions ( i) and (ii) are uaed they are vitbin 30 Im of each 

otber,BSE apecialiaing in occupational bygieae and VSL in aource 

eai•aiona and the .abient aatoapbere. 

Methods for saapling organics. 

(11) are suitable candidate• 

The proposed host organi•ationa for item 

If a fellowship is arranged in the tm I 

suggest Briti•b Gas, Westfield Development Centre in addition to BSE and 

WSL. For the period of 2 aontba proposed by llD:OS approximately 3 week• 

at each location should provide a full insight into organic aaapling. 

( 13) The Lurgi ProceH for the Conversion of Coal into Gas. Thia area of 

•pedaliaation ia outside ay teraa of reference but I.OS atate that a 

fellowship of one •onth ia required. 

(14) Methods for Qualitative and Quantitative Analysis of PAR•. The propoaed 

boat or1aniaationa for item (11) are suitable. A one aonth fellowship ia 

required. 

S. SAMPLIMG PROGUMME 

The 1aaplin1 poaitiona on the 1a1ification plant are abovn in ria• Al-A7 

of Appendix A. Ia addition Fia. S abova the pro,osd location of three .. bient 

a .. plina aite1 for tbe deteraiaatioa of or1anic1 in the particulate and vapour 

pbaae. 

The HCtiODI Of the aatificatiOP plant to be studied include: 

aeneratora, pbenoaolvan, tar aeparatiwa and atoraae, C02 vent, rectiaol 

••ctioa, vaate aa• flare, alaa and vaate water .. iaaioa1. 
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by: 

Orcanic ca.pound• in tbe following croup• after capture will be .eaaured 

GC - Aliphatic BC 

GC/FID Aromatic BC 

GC vitb Mitroaen Detector - • Aromatic ec.ipo.,and• 

GC/FPD - S Aroutic Coapounda 

BPLC/GC - Pila 

BPLC/GC - • Beterocyclic BC 

GC 

GC 

- Phenols 

- llercaptan 

Orcanic ca.pound• in the liquid pba1e will .eaaure 'bead apace' analyais 

where applicable. In all ca1e1 of saapling, work-up, fractionation, final 

analysis and data reduction validation ~tbods vill be used. The validated 

:ietboda include US BIOSH/UK HSE/US EPA/other appropriate National standards. 

The eaisaion of ·~ froa the !~•ification and fertilizer plant together 

vitb the BC>z eai1sion1 froa the power plant• indicate that ambient aonitoring 

for .02 ahould be considered vitbin a radius of about 5 ka. A useful low-cost 

metbod8 ia to u1e pa11ive diffusion tube 1aapler1 for aonitoring 102 

coacentrations in the aabient atao1pbere. 

6. llOllITOIING DATA IN TERMS OF EMVIIONMENTAL IMPACT AliD OCCUPATIONAL HYGIENE 

The aonitoring and •aaureaent of polluta?1t1 at the gHificat ion plant 

will have three aaia outputs: 

111 I 11 I I 11 I 

(i) to provide iafor11atioa on feature• , th~ plant operation; 

(ii) to enable a pollutant eai1aion inventory to be produced in tenu 

of concentration/aa11/pbysical and chemical r.oaposition/rate; 

(iii) to deteraine 'worker' espo1ure to pollutant• in the working 

enviroament and prOYide data on fucitive (adventitious) eai11ion1 

froa tbe plant. 

14 
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6.1 Aase•..ent of li•k fro. the Recurring Emission• 

There are two principal area• of ri•k froa the eai••ion•, the fir•t being 

to h••an health and the aeconcl of environmental d_.ge. The second ;-i•k vill 

aot be con•idered. 

The risk asses..ent froa the •tudy •hould include the following •tep•: 

(i) Identify the health effects of the constituents of concern •• a 

function of concentration level. 

(ii) Predict and/or measure tbe concentrations to vbich the general 

public .. y be exposed and deteraine 'vorker' exposure by 

measurement (personal ... piing or fixed point •aapling). 

(iii) Estiaate the health iapact of such concentration exposures. 

A coaprehensive publication9 on exposure Mthodologiea baa been 

prepared for the United States Federal Register and covers the requir~-.nts of 

the present study. U•ing these aethodologies it is po•sible to apply published 

models in conjunction with •teorological and topographical conditions. 

Figure 3 indicates the local toposraphy and Figure 6 a wind rose. 

7. CONCLUSIONS AND RECOMMENDATIONS 

• Within the financial constraints of the programme technical specifictions 

have been prepared for ••plin1 and analytical equipment. Further 

supportive laboratory/analytical apparatus of •econd order co•t will be 

specified follovina •election of the aain equipment. 

• The expertise required for the characurisatioa and quantification of 

toxic and/or carcinosenic ca.pounds is demandin1 and the proposed 

trainina period• •bould be reaarded as a ainimua. It i• recommeaded that 

an expert froa tbe boat oraanisation visit IBOS for a abort period 

(2 weeks) folloviaa the coapletion of the analytical laboratory aad 

inttallation of the equi..-nt. Preferably the Yi•it •hould be after a 

'pilot scale' aonitorina exercise so that selected •9PlH of or1anic 
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• 

particle• and vapour• can be analyaed both at IilOS and aubaequently at 

the boat inatitution for cbeckina. 

e Sampling loc .. tiona at the ga1ification plant follow thou previou1ly 

aelected (Appendix A) by a USIPA atudy, but will include additional area• 

of potentially bi&h riak e.g. PAR concentratioaa at tbe tar puaping 

a tat ion. 

• In the aabient at90apbere a.-pling po1itiona have been •elected at three 

location•. It ia atrongly recommended tbat tbe1e location• are at least 

75 metre• from external aourcea that could vitiate tbe reault1. Tbeae 

1ourcea include road traffic (particularly dieael enginea), bou1ea where 

fossil fuel ia used and ... 11 commercial activities all of which can eait 

organic compounds in particulate and/or gaseous form. 

• It ia recommended that in addition to measuring the eaiaaiona in the slag 

and vaatevater, bencb-acale leachability teats are carried out on the 

slag. 

• A• a follow-up to the gaaification plant .onitoring caapaign a 

feasibility atudy should be undertaken on remedial abatement •asures 

vitb reference to the cost effectiveneas of achieving pollutant reduction 

viz coat per unit of pollutant abated. 

• Conaideration ahould be given to uaing a percent1ge of the gas produced 

to iaprove combustion at Power Plant A. It i1 po11ible that • ga1-line 

already inatalled could be utilised. If tbi1 ia practicable and 

economically viable the poaaibility cf directing SOiie of the vent gaaea 

should alto be explored. 

• Iaproveaent in the Lurgi Generator operating conditions could reault in 

lower pollutant eaiuiona aa well a1 a higher converaion efficiency. 

Such a proar- of teat work could be incorporated ia a aamplina 

cmpaiga. 

• A reiterated coaplaiat for tbia aiaaion ia the hi&hly variable quality of 

the li1aite. lapid and eiaplified analytical procedurH should be 

conaiclered ao that sudden variation• ia li&nite quality can be avoided 

16 
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and the operatina condition• for 1aaification optiaiaed to auit the fuel 

ca.poaition. 

• It i1 recom11ended that where poasible aimplified aaapling and analytical 

procedure• ahould be employed aa developed. In particular the analyaia 

of oraanica can be extremely time coaauaiq and ez:penaive and aucb 

technique• aa 'fingerprintin&' can be helpful in providing uaeful 

information at lover coata. The uae of paHive aaapling for ~ is 

another technique which can prOYide data in the Dbient at90sphere at 

relatively low coat and ataff involve.eat. 
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APPDDD A 

UBITED llATIOllS IllDUSllUL DEVELOPllEllT OIGAJIIZATIOl!I 

.108 DBSCUPTIOB 

DP/YUG/17/019/11-51 

l'oet dtle: Expert in the aae of gaa chromatography for the detection 
of toxic organic pollutant• arising from the iasification 
of lignite. 

Duration: 0.3 ml• 

Date required: September 1988 

Daly Station: Pristina, Yugeslavia 

Purpose of project: 

1. Strengthening the lnslltute for Research and Development (IJflCOS) by 
providing modern equipment, expertise and staff training en~bling 
thea to perform Investigations in the field of organic toxic 
pollutant• and, later on, applying the research results to concerned 
Industries. 

2. A•sl•tlng •1rncos• In: 

a) Categorizing toxic oraanic pollutants generated during coal 
gasification; 

b) Preparing guidelines (in form of a manual) for operational 
and unageaent aethoda aa vell aa knov-hov for maximizing 
industrial and pl.sit aaf ety; 

·c) Providing a'"· .. entitle information on risk aeseasment of the 
iapact on health, liYing conditions and vork envlronaaent; 

d) Contributing to the development of threshoid limit values 
for toxic organic pollutant• (direct support); 

e) Contributing to the design (from the standpoint of 
enviro1111ental protection) of new coal gasification and 
similar plans being planned for Yugoslavia . 

Al 
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Duties: 

The expert will execute the following tasks in cooperation with the 
Institute for Research and D~velopment, (INKOS), in the Socialist 
Autonomous Province of KOSOVO: 

1. Assist INKOS staff prepare neutral technical specifications for 
analytical lnstrmnentation to be used In the detection and 
quantification of organic pollutants. This •ay include a gas 
chroaatograph &rlcilliary detection and s .. pling equipaent. 

2. Suggest potential host institutions and content of training for the 
proposed fellowships and study tours concernl11g the use or gas 
chromatography in the detection and quantification of organic 
pollutants • 

. 3. Advise on the sampling prograane to be undertaken by IJQCOS to enable 
them aonitor effectively the extent of pollution, by toxic organic 
compomids, of the illmediate environment aro1Dld the Kosova gasifier 
plant. 

4. Prepare a report fn6nglish for the concerned National Authorities, 
UBDP and UMIDO, setting out the mission findings and recoanen~ations. 

Language: English 

Backgromid infol'llation: 

Electrical power generation at the Kosova complex is based on the mining 
and utilization of lignite. The following units are ln operation: 

Open pit mines "Belaqevc" and D. Selle" 
Thermal power stations "Kosova-A" and "Kosova B". 
Lignite gaslfic_tion plant (Lurgi process). 
Fertilizer plant 
Coal drying plant 
Cogeneration plant 

These plants constitute a permanent danger to health and environment. The 
lignite gasification plant i• located 5 km. froa Pristina, losova, 
Yuaoslavia. 

The gasifier plant capacity i• 480 X 10 6 Nm 3 clean 1as per year (8000 
hours of operation). Fuel heating value about 16,7 KJ/1'a3. The plant is 
operated 1Dlder a pressure or 25 bar. The generators are of the "Lurgi" 
type (diameter 3,6 m) and it produces gas which ls partly used as fuel and 
partly for fractionation i.e. for the recovery of hydrogen which is further 
used for amonia synthesis. The fraction of gas after is enriched vith 

._,.thane which is mixed with the remainder of the clear gas. The 
gaslf ication plant consists of : 

1. A gasifier plant with condensation plant (six generators, capacity· 
18,000 Nm3/h Rav gas per generator); 

2. A Rectisol plant for purification of raw gas; 
3. A phenol plant with biological purification of waste waters; 
4. A plant for air separation. 
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Justification for this project ls found ln the need to monitor emissions 
of potentially llaraful or1anlc CQllPOunds to the en•lron11ent. 
Quantlflcatlon of these e11lsslons ls the necessary first step ~o 
undertaking remedial action Involving l11Pro•eaents to operating 
procedures and the Installation of pollution control equipment. 
Following identification of or1antc pollutants, (qualitative and 
quantitathe), pollutlon-recluctl• •aaures can be recommended lncludln& 
operatin& guidelines and establlshln& ~esbold ltalts for toxic 
compounds. It ls also nece .. aiy to establish an oa-golng 110nitorl111 
(s .. plinc and analysis) process to provide for continuous protection of 
the en•lronaent in the vicinity of the coal gasifier plant. the 
monitoring procedures for toxic organic pollutants vlll serTe as a llOclel 
for pollution control at other slallar chealcal process lnatallatlona. 

The emission of a large nmber of pollutants to the enviro .. ent ls 
caused by lignite caslflcatlon. The following croaps of compounds will 
be investigated: 

aliphatic hydrocarbons 
aromatic hydrocarbons 
R - aromatic compounds 
S - aromatic compounds 
polycyclic ar011atic hydro carbons . 
R - heterocyclic hydrocarbons 

The given investigation aodel vill include a detection (aeasuring and 
determination) of organic toxic pollutants at all three phases: 

gaseous 
liquid 
solid 

The project will generate the following outputs: 

1. Full operational capability of "llUCOS" to undertake the following 
environmental monitoring and protection measures applied to eaiasions of 
organic toxic pollutants: 

a) Sampling of gas/liquid/solid aedia at plant site and in the 
illlediate vicinity of the Kosova Lurgi coal 1aslficatlon plant. 

b) Determination of selected oraanlc toxic pollutants In aaaples. 

c) Categorizing these pollutant• acc~riding to the risk they present 
to environment and health. 

d) l:ake rec0111endationa on measures which could b2 taken to ainimize 
eaisaons of organic pollutants (modifications to process and 
process operation, introduction of envlronaeatal protection plant) 
and to alnlalze riaka to health and environaent. 

2. Established a permanent aonltorln1 systea at the loaova coal 1aslfler 
for the continuous recordln& and reportln1 of environmental ealssions to 
improve industrial safety and environmental qualitJ. 

A3 
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3. The following technical results: 

a) 

b) 

c) 

• 

Toxicity of rav .. terlals, products and by-products (waste 
streaas) associated vith coal casification based on their content 
of selected organic coapounds. 

List of these .. terials in order of their toxicity. 

Basic data for the evaluation of health risk to gasifier plant 
operat•on personnel and members of the general public residing 
near the plant. This data vill be used to suggest remedial 
aeasures for ellalnation of the aost dugeroua pollutants and to 
define threshold llait Talues (TLV) of toxic organic coapo1Dlds. 

Guidelines will be established on measures to be taken to a!niaize 
production of pollutants, modifications to process and process 
operation etc. 

d) Provision of SOile of the data required for an investigation of the 
cumulative influence of organic pollutants over wider areas and 
longer periods of time and their direct and indirect effects ~n 
the population's health. 

4. Evaluation of ezisting aethods for aonitoring ataospheric pollution 
caused by coal gasificaiton and development of nev sampling ~nd 
analytical techniques for detection of toxic organic pollutants. 



APPEMDll I 

LUIGI-BASED COAL GASIFICATIOll PLAllT - KOSOVO 

11. General Plant lnfol'9atioa 

The ~eOYo Basin Gasification Plant baa an output capacity of 480 x 106 

lilll of clean gas and consists of the folloviag eectioas: 

(a) Generator Section: 6 generators vitb a capacity of 18,GOO 1al of 

raw gas eacb vith arraage.enta for coal supply and alas disposal. 

(b) Condensation. 

Cc) "Rectisol" Section for gas cleaning with a gas delivery sution. 

(d) Air decoaposition section (oxygen plant). 

(e) Tar and .ediua oil sep&ration section. 

(f) "Phenosolvan" eection for phenol separation. 

Cg) Section for biological vastevaters cleaning. 

Lignite, size claH -60 + 6 -. dried in accordance vith the "Fleissner" 

procedure is used for aasif ication. 

The Plant includes tbe poHibility fo further fractionation of 77 per 

cent of stated output (480 s 106 .. l/year) in order to eeparate the bydroaen 

required for .-,ai.• syntbHie. Upon bydrr.>aen separation, the aaa ia a 

fraction enriched vith ..ethane 1ubsequently being aised vith the rest of clean 

aas. The rHultina aisture C2S6 x 106 Mm3/year) repreaenu a pipeline aas 

with a net benina value of 4000 kcal/Mm3 supplied into the diltribution 

network. 

12. The crude aas is produced in the aasifiers under •pressure of 25 bars and 

t .. perature of 3oo•c. It it firstly va1hed in the aa• scrubbers and then in

directly cooled ia the heat ezchaa1er1 and condea1atioa unit up to 3o•c. Thi• 
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enable• separation of liquid by-products such aa tar. heavy tar. aa• liquor and 

light oil. Liquid by-products are aeparated in the tar aeparation unit and then 

diacharced in atorace taolta. 

Heavy tar ia deposited in the nearby duap and tbe aaa liquor ia treated 

in tbe phenoaolYan unit. 

Tbe crude ca• vith a temperature of 3o•c goes to the rectiaol plant vbere 

napbta. B2S. COS and C02 are separated by direct washing. Tbe purified 

beating bas vitb a .. d .. 1 content of 3 ppm B2S + COS and up to 2 vol Z of 

C02 is distributed to the industry (cona1111ers). 

An additional washing of the puified gaa ia needed for the .-oniua 

synthesia whereby C02 concentration is reduced to 10 ppm. 

The gas liquor ia treated in the phenosolvan unit. Its final products 

are: phenol and ...onia solution. 

The waste water froa the gaaification plant contain• 40-70 ag/l volatile 

and 400-600 ag/l total phenol•. Such a concentration ia biologically reduced to 

J.5-3 ag/l volatile and 90 ag/l total phenols. 

There are 7 tanks for tar, mediua oil Cnaptba 1 crude phenol and a1111e>nia 

solution and a puap atation for their delivery. 

The osygen plant auppliea ozygen and protective nitrogen to the 

caaifiera; atrippina nitroaea to the rectiaol unit and nitrogen (99.99%) to the 

unit for ..-oniua ayntheaia. 

The outlet preaaure of tbe produced aaa ia 21 bara. It is auffieieat for 

its transport to the conaumera. 

About 40% of the totally produced aaa ia used for a_,niua, i.e. 

fertiliser production and 60% aa heating gaa. 

12 
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12. Proceu Flow Dia1r ... , S•pliy Poiau aad S.-ry of EaiHioaa 

the proceu flow diaar .. and aaapliq poinu are ghen in Fig• 11-17. 

Data of conceatratioaa and eaiaaiona obtained duriq a tsEPA inveatigation are 

a ..... riaed in Table• 11-14 for apecified aaapliag poiata. 

TABLE 11. - laia•iona of Major Pollutant• froa t~ Gaaification of 

10 t/b of Dried Lipaite 

(a) Variou• .ent• in aectiona: Generator•, Pbeaoaolvan 1 Tar Separation aad 

S!orage 

Sampling pointa 2.2 1 3.2 1 13.1 1 13.31 13.5, 13.7, 14.5, 14.9, 15.3 

Pollutants Flow Con:~ntration Amount 

c11a3/h) (i/llm3) (g) 

Sulphur <a2s>. cos, CB3SH, CH3, CB2SB) 3615 i.06 3832 

a• "S" 

-.Oni• (D3) .. 0.11 398 

Pbenoh II 1.28 4627 

Cyanbydrogen (BC!i) II 0.0099 35.8 

Hydrocarbon• <cne.> " 0.4 1446 

Bydroaen (B) II 0.3773 1364 

Carbon 110noxide (CO) II 1.239 4478 

Carbon dioxide Cco2> " 86.59 313032 

Methane (C84) II 0.0627 227 

Particulates II 41.08 148498 

13 
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TABLE 11. - laissioas of Major Pollutants froa the Gasification of 

10 t/h of Dried Lipite (Contd) 

{b) COJ Tent in section - lectisol 

Saapliaa point 7.2 

Pollutants Plow Concentration 

<•3/b) 

Sulphur CB2S), COS, CB3SB, ~· ~SB) 1702 

as "S" 

~niua (D3) n 

Phenols " 
Cyanbydrogen (BCM) .. 
Hydrocarbons <c.,e.> II 

cydrogen (B) " 
Carbon 80Doside (CO) II 

Carbon dioxide (C02) II 

Methane (CJl.4) II 

Cc) Large Flare for Waste Gases froa the Plant 

Saapling points 20.1 (including 3.6, 13.6, 7.1) 

<11•
3> 

0.258 

0.01 

0.068 

0.0153 

6.557 

0. 7193 

o.o 
1860 

5. 713 

Amount 

(g) 

43.9 

17.0 

115. 7 

26.0 

11169 

1224 

0.0 

3165700 

9726 

Amount 

Pollutants Flow Concentration Amount after 

<•3/b) <11•
3> <1> burnin1 

<1> 

Sulphur Ce2s>, COS, CB3S'!I, CB3, CB2SB) 3348 26.88 89994 

as 11511 

Ammonium (11113) " 0.52 1741 

Phenols " 0.04 134 

Cyaabydroaen (BCll) " 0.1 335 

Bydrocarbon1 Cena.> " 13.4 44863 

lydropn (H) " 2.534 8485 

Carbon monoxide <co> " 45.2 151247 

Methane <ca.> " 3.344 11196 

Carbon dio•ide CC02> " 1635,6 5475896 6154000 

llitroaea odde1 C102) 5164 
Sulphur clinicle (SOJ) 

179988 -
' ' 
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TABLE 11. - laiaaioaa of Major Pollutant• fram the C.aification of 

10 t/h of Dried Lynite (Contd) 

(d) Slaa s .. plin& point 12.2 

Pollutants 

Sulphur •• "S" 
llydrocarbona •• "C" 

(e) Vaatevater - s .. pling point 12.3 

Pollutants 

Sulphur "S" (Sulpbitea, Sulpbatea, 
~hioaulphatea, rhodanidea, hydrogen 
aulpbid) 
~aium 
Pbeaola 
llydrocarbona •• "C" 

I I I I 

as 

Flow 
(t/h) 

1.625 

1.625 

Flow 
(t/b) 

1.0 
1.0 
1.0 
1.625 

Coacentration 
(1/t) 

1.33 

4.60 

Concentration 
(g/t) 

I II 

155 
1.9 
1.227 
4.60 

Amount 
<1> 

2.161 

7.475 

Amount 
(g) 

155 
1.9 
1.227 

7.475 

I I 

II I 
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