
东北师范大学

硕士学位论文

马里巴马科市大气污染状况分析和危害及对未来演化趋势分析

研究

姓名：伊萨

申请学位级别：硕士

专业：环境科学

指导教师：孙胜龙

20080601



摘 要

马里是一个在非洲西部的发展中国家。当前，由于高速发展的城市工业化和城市中

迅速增长的交通运输民个人汽车，释放了大量大气污染物，造成了这个国家和周边地区

的空气质量的恶化。在这篇论文中，我们针对在巴马科市区及其附近的有害气体、微尘、

微生物、金属氧化物和合成的有机化学物对大气将影响和有对人类健康和城市生态系的

危害进行了研究。

我们首先对马里首都巴马科市的一些主要污染源进行了检测，包括城区的不同热能

产品供应，制造水蒸气和其他工业废气的主要工业源，以及煤炭、重燃料等化石燃料的

使用。工业污染物被认为是最主要的污染源。一个主要的原因是供热的需求量大和缺乏

有效法律手段的控制和热废物的清除技术欠缺；交通运输产生的污染长时期以来被认为

是一个亟需解决的问题，这主要是由于巴马科市区内快速增长的公共汽车和私家车造成

的。汽车污染物被认为主要来源于大量的旧车的不完善的燃料系统，这造成了氮、碳、

硫等各种氧化物、氧化铅和各种各样的碳氢化合物大量释放在以前洁净的大气中。农业

活动的污染物虽然不是大气污染物的主要部分，但不定期的庄稼的化学药剂的喷洒，其

它的污染物比如氨、甲烷、氮气低浓度氧化物和一氧化碳主要来自于有机物的分解和肥

料的使用，还有植物的大量花粉也啬加了大气中悬浮颗粒物增加。

研究表明，在马里目前拥有大约500，OOO人的渔业行业人员，大量水产品造成了马

里每年多达100，000吨的废物，这也是一个主要的空气污染源。黄金金属的制造业迅速

增长，从1995年的6，291千克到2004年的44，584，517千克，同时也造成了工业空气污

染物的增长。旅游季节的游客由2006年37，ooO人增长到2007年150，Ooo人，越来越多

的人对马里感兴趣也暗示了马里的快速发展。在运输部门中，有80％以上的公共汽车已

使用超过11年，其中70％已超过16年并且其燃料不完善的燃烧。在2004到2006年之

间，石油燃料造成的含硫氧化物增长了12．77％。自从2005年来，含氮氧化物气体也显

示了巨大的增长量。碳氧化物的水平从2005年667嵋／m3到2006年到1107 p∥m3，惊

人地增长了60．25％。巴马科市中有来自机械或沙尘暴的重金属颗粒物，这些重金属包

括镍和钒，它们在空气中的浓度大约在8—28肛g／m3左右。与巴黎市冬天的4．6 n咖3相
比，巴马科市的苯基(A)芘的平均浓度4．59 n咖3不是很显著。研究显示，大多数巴马科
市的树和植被并没有严重受到空气污染的影响。因为土壤营养的不足和虫、疾病、真菌，

以及干旱似乎对植物的影响比大气污染更大。由于空气污染物的煤灰和沙粒对巴马科市

的建筑，穿衣和必要的清洁卫生等造成的损害只需要很少的清洁费用。只有很少数的建

筑的外部油漆受到影响或有屋顶材料的恶化。直接由空气污染造成的人类死亡的数据很

难得到，但是从相关的疾病中外推所得的数据显示有很高程度的死亡是由空气污染造成

的。在本篇论文后部分中，我们也分析了马里政府对巴马科市的空气质量的评估和管理

情况，其中包括了对污染情况的监控的有效措施。
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总而言之，目前巴马科市的空气污染还不是很严重，但是如果现在不把空气质量的

控制有效实施起来，我们认为象我们这样的发展中国家也会对象温室效应造成的全球气

候变化带来一定影响的全球问题。本文中所涉及的所有的污染物也都与人类健康和发展

中国家的政府长期关注的直接的联系。因此我们的国家和有关国际社会都应该行动起

来，为我们未来的生存问题进行更彻底的周密考虑与谋划。

关键词：大气污染；污染物，全球性变暖．
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Abstract

Mali is a deVelopiIlg coun仃y in West A伍ca．Cu盯ently nlere are Various pollm觚tsⅥ黼ch

are beillg releaSed into the coun仃y’s a缸nosphere due to a 11igh rate of industrialization aIld an

iIlcre嬲iIlg quamity of ine笳cient Vellicles iIl the countly urball centers．Tllis haS contributed to

tlle deterioration of the nonnal composition of me q砌ity of the air this count叮aIld its

sllrrounding．IIl tllis Thesis we tested the hypothesis that air maSses arouIld Bamako are

carryillg h砌缸l gases，dust panicles，1iVing 111icroorg砌sms，metals oxides and s)，Il_t11etic

o玛粕ic chemicals wIlich are缸IVersely affectiIlg or shall affect hlmm healtll and nle Ci哆

ecosystems in the near血眦．
We ex赫ined some of me principal sources of pollution in me countly capital Bamako．

Namely：Themlal energy production at the individllal leVel wllich inClude heating of the

residences；at me industrial level w11ich maillly causes a11 increase in production of water

v印or aIld industrial e)【llaust gaSes also the use of fossil mels(coal，heavy如el，etc．)．The

iIldustrial polluta】呲s are being identified嬲the greatest contributors of pollutant emissions．

One of the m旬or reason why tlle industries are incre嬲ingly emitting pollu伽ts is because of

廿lere requirements for memlal energy and 1ack of 1egal f．ramework t0 regulate alld treatment

waSte products．Pollution丘Dm the咖lsport sector h觞been regarded for a long time aS a

problem of proximity，which is maillly perceiVed in Bamako city due to aIl increase in public

vemcles锄d personal cars．Pollution丘om vellicles w嬲identified aS being caused by a large

innu】【of old vellicles wi协incomplete e姆ne co埘Ibustion systems．Tllis maillly caused the

emissions of Ilitl．ogen，carbon，Sulph_ur，lead oxides aIld Various h蜘№carbons in the fonner

cleall air of me ci够．Pollution丘．om a鲥cultu】ral actiVities haS not been Ve巧si盟ificallt in air

pollution eXcept in me眦egulated use of cheIllicals i11 spraymg crops．Other eIllissions are

primamy aI】=11110Ilia，methane，the protoxide of mtrogen and tlle carbon monoxide which are

mainly丘．om tlle decomposition of me organic matter aIld me use of maI】lure．MoreoVer，there

is the pulverization of plant health products on a large scale wllich iIⅣolVes tlle setting of

suspended paIrticles in the air．

111is study fouIld out that the fishing makes Mali one of the large丘esh water fish

p∞ducers in the area with annllal production of up to 1 OO，OOO tons．Tms is one of the sources

of air pollution due t0 me l鹕e waSte ou咖t of the 500，OOO workers in thjs indus仃y．Tlle

production of gold metal made a rem破able increase in production by moVing自om 6，29 1 kg

iIl 1 995 to 44，584，5 l 7 kg into 2004．T11is went along with air industrial waste production．Tlle

tollrist season of 2006．2007 recorded an iIlcreaSe of visitors of 3 7，ooO to 1 50，OOO giVing a

llint t0 tlle r印id development龇ld interest irlto tllis c01ultry．111 the仃ansport sector，Inore thaIl



80％ofthe p曲lic Vellicles are more thaIl 11 years old w11ile out oftllese 70％are above 16

years old winl f．aul够conlbustion en百nes．Sulpllllr dio虹de wllich is a product of t11e oxidation

of sulphur in pe仃ole啪oil，had iIlcreaSed due by 1 2．77％be栅een 2004 and 2006．

Nl仃09enous g嬲es also showed tremendous iIlcre嬲e since 2005．弧e leVel of carbon 0xides

was incredibly妣reaSing at al锄：1ing rate舶m 667“咖3 in 2005 t0 l 107¨咖3 in 2006“s
w嬲aIl i11creaSe of 60．25％．There are heaVy metal gases舶m macl血es 0r carried bv salld

stoms dusts into B锄ako city．，nlese heaVy metals include 11ickel and van甜i啪wmch are in

tlle锄osphere at concen慨ion of about 8 t0 28 pg／m3．The average conCentmtion ofbenzo

(A)pyrene in Bamako w2us about 4．59 ng／矗coInpared to Paris w11ich had 4．6 ng／m3 iIl w硫er
was foulld to be not si印语cant．Most trees a11d vegetation exalI曲ed in B锄ako did not show

a11y si嘶fic觚t air pollution e仃ects．This was because it印peared soil肌trient depletion and

pests，diseases，如n百，and drought se锄s to affect the plants more thall air pollution．The

dalnage due t0 alr pollutants on谢ous materials in Bamako cit)，was found to be moderate

fallout of s00t锄d鲥t 0n buildings，cars，a11d clothjng and necessitated little cost in cle疵ng．
011ly a fIew buildings had exterior paint a仃-cCts aIld deteriorated roofing materials．It was not

easy to get lnfomation of deaths directly caused by air pollution，but we could ex仃apolate

舶m咖in related diseaSes t11at therc is a si嘶fic觚t de砒level锄ong c时dwellers due to

air pollution．IIl t11is thesis we also analyzed me Mali govemment’s evaluation aIld the

mallagement of me qual蚵of the锄曲ient air in Bamako．Tllis included the st印sⅥ恤ch have

been put mto place to moIlitor me effects ofpollution t11e cnvirolmlent．

m concluslon we propose that although the air p01lution in B锄ako is not si鲥ficantly
alarmmg at present but if plans to regulate aIld momtor p01lution are not put in plaCe now，we

extrlapolate that deVeloping coull砸es 111i曲t also contribute to the emission of greenhouse

gaSes wmch are causmg climatic chaIlges in the whole plaIlet．Such e侬cts haVe been

1dentmed to cause upheavals like rising of the sea leVel and ocealls，potential iIlcreaSe in the

cyclones auld sto咖s alld哲0bal删ng．All the pollutallts in衄s study have been identified

t0 hVe their toll in causing a direct impact on humaI】healtll alld have wide reaclling

lrnpllcations in the national budgets of the deVelopiIlg countries in the long run．Hence

natlonal and mtematlonal protocols are supposed to be implemented wim all sincerity so that

intemational policies caIl guarantee our f．uture eartllly survival．

Key Words：Anllospheric PolIution，Oxidcs Poll蛐，酉obal w舭11ing．
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Chapter one Introduction

1．O Fomls of Air poll埘on sources

Air pollution can be defmed嬲one or more cheIllicals wllich are iIl lli曲enough

concen仃ations in me air aIld can cause h{lnn h1加衄ns，other砒li】nals，Vegetation，or materials

or even alter climate．Excess heat肌d noise are also considered foms of air pollution．Such

cheIllicals or physical conditions are called air pollutants．Some of these chemicals caIl be

added directly to the ajr by na饥船l events or h眦IaIl aCtiVities aIld call aCc咖late mo

ha彻缸l concentrations．These are referred to嬲p曲a巧p01lut如ts．But sometimes these

prima巧pollutallts react wim oⅡler pollutants in air aIld cause a seconda呵fom of pollution．

Tllis can be harm如1 to me ecosyst咖and伊adI出1y undenIlines the health and t0 the quality

of humaIl life both in tlle presem aIld iIl the mture．For example in 2005 Malaysia，the

90vemment declared a state of emergency because of a mick aCrid haze Wtlich blallketed

much of the c印ital Kuala L脚npur，causing a sharp inCre2use in the nuI】曲er of people reporting

t0 hospitals wim respirato巧，throat and eye conlplaints．This is 110w interestingⅡlat problems

which were like preserVed for deVeloped countries kⅣe now become a m句or issue iIl

develop啦couIl_tries．Mali is one of廿le毓test deVeloping coulltries in West A衔ca．Its

c印ital c时B锄ako haS had an increase in Air pollution forⅡ1e laSt ten years删ch h舔not

been extensivelybeen studied with global air pollution outlook．

Tbjs Thesis was instituted to identi匆the main causes；coInponents；impact a11d如tIlre

implications of air pollution in B锄ak0．The m血causes of air pollution were identi丘ed aLs

tlle lli曲rate of industrialization；themal enerjgy from house holds；a11 increase in the肌Ⅱlber

of缸e1 usage inemcient vellicles in nle capital ci够．Some of戗le components of air pollution

were identified as nitrogenous oxides， sulphur oxides，carbon oxides and metal oxides

especially f．rom mel hydrocarbons．T11is haS contributed to the de硎oration of the nonnal

composition of me quality of me air in嘶s coun衄a11d its su仃ounding．Ill this thesis we

iested the h)，pothesis that airmaSses aroulld Bamako are can砸ng hann如l gases，dust p甜icles，

liVing 111icroorgaIlisms，metals oxides and syIlmetic orgaIlic che血cals w11ich are a(1Versely

aa’ectiIlg or shall af．fect human health and me city ecosystems in me ne2Lr如眦．
The industrial pollut锄ts were being identified嬲being the伊eatest coIltributors of

pollm觚t emissions．n was found out that one of the main reasons why me i11dustries are

increaSin91y e面tting pollutants is because of their requirements for energy and lack of legal

胁ework to regulate aIld仃ea臼nent w弱te products．The慨sport sector in me cit)r pollution
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was identified t0 be caused by a large innux of old vellicles w11ich have irlcomplete engiIle

co如lbustion systems．Pollution 6．0m a鲥cultuml aCtiVities haus not been Ve可si鲥ficallt in air

pollution eXc印t iIl me uI玳gulated use of cheIIlicals in spra姐ng crops．Omer锄issions are

mimarily ammoIlia，methalle，the protoxide of ni仃ogen aIld the carbon monoxide wIlich are

maillly仔om the deconlposition of the orgamc matter趾d the use of malmre．Moreover，there

is the pulVerization of plant healm products on a large scale wtlich iIl_volves the setting of

suspended particles i11 the air．IIl吐lis thesis we a11a1)，zed the Mali 90vemment’s evaluation

aIld tlle mallagement of me qual埘of me aIIlbient air in Ba觚lko．T11is included the steps

w11ich have been put i11to place to moIlitor the ef．fects ofpollution the eIⅣironment．

In conclusion we p加Iposed that almough the air polIution in B锄Ako is not si罟面丘cantly

a1砌ng at present but if plans to regulate aIld mollitor pollution are 110t put in plaCe now，we

extrapolate that deVeloping co州es might also contribute to the e血ssion of greenhouse

g嬲es wmch are causing climatic ch觚ges in the whole planet．Most countries are si弘atories
of me envir0衄ental protocol and hence they haVe the obligation t0 abide by iIltemational

stall捌s．The ef．fects of air pollution are great contributors of climate clmge causillg ef．fects

like upheaVals of sea jevel rising and oceans，potential increase inⅡle cyClones锄d stoms
and global wanIling．A11 the pollutants in this stIldy have been identified to have their ton in

causing a direct iInpact on humaIl health a11d have wide reaclling implications in medical

eXpenses，constmction iIldus仃y，and a鲥culture and in廿le general thc national budgets the

Mali and other deVelopiI培countries in me loI培mn．MoreoVer，its long tenn e贷．ects can cause

direct arld indirect costs on the national econoInies．For exal：nple there shall be loss of

productiV时锄ongst the labors because workers healtll will be a疵cted by industrial

poll删s．Many f．actories in deVeloped countdes are ac|nlally inVesting more on medical care

for there workers．Lo舀cally this cost is pegged on the prices of goods hence in the long r吼

innuenCe the econoIllic status of the consumers and the whole countl了at large．Other sectors

of me economy shall also be af．fected by air pollution for exall叩1e t0嘶sm alld mrther

industrial inVestment．Tllis is because now the wodd is like a 910bal village a11d infonIlation

sl”eads so缸t．Many Visitors and inVestors shall not risk to 90 in to areas Wtlich幽ger
there 1ives．

1．1 Air p011ution in Mali as an ex锄ple of an A衔can developing coun仃y

Most disheartelling is the rate in wllich m旬ofity of the deVeloping co咖es are

addressing the issue of air pollution．Most are inViting a11y kind of activity into their laIlds

without regard of the甜kr ef．fects． For ex卸1ple some people shall not even worry of a

smo虹ng Vellicle on road or leaded petrol on a gas puInp．They regard the costs incurred for

the r印laCement aIld the impr0Vement of the vellicles aIld the installation of aIltip01lution
2
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deVices iIl the industrial f犯ilities aIld the power statioIls硒less si鲥丘cant inVes缸nent

compared to the national healtlly econoInic production．All goven】lment should actiVely

arouse necessity for impr0Vement of the air掣mit)r of锄ong its citizens especially in urban

centers in A衔ca．1Ks can be e仃ectively being done tl啪u班the in仃oduction of by laws

comparable withⅡlose i11 the developed nations a11d in U11ited Natiolls a黟e锄ents．111e

challenge is t0 now lay dowrll s仃ate百c plaIls to regulate the balance be俩een indus仃ial

deVelopmem aIld envir011】mental de毋砌ion．The prcIblem of our stIldy area in B锄a玉r0 city

in Mali is compounded by the fIact that the cit)r is on a basin aIld t11e indus仃ies are located on

nle windw孤．d direction．T11is topogr翟lpllic setting is particulally good for妇lgerous air

pollution to accumulate in residential areaS i11 the city．Not much subs纰tial action is has been

intmduced to improVe the situation i11 me city．This is maillly due t0 laCk of actiVe

detemliIlation by me authorities to supervise production aIld waste product disposal iIl

industries．One of the weal【nesses is the attitude of encoul．a百ng wIlich eVer iIlVestor．T11is

prqect reco瑚mends tllat me UIlited Nations orgallization and worlds back should assist iIl

providing safe inVestors by recommending 011ly those who are air a11d eIⅣiroll】[nent collscious

to start indus仃ies iIl developiI培colⅡl缸-ies．

1．2 0bjectiVes：

1．2．1 General objectiVe：

To inVestigate the problem of gas elnission in the c埘ofB锄ako in Mali aS aIl example

of an A衔caIl deVelop吨co眦时with aIl aim of identi助ng the causes a11d e位cts of air

pollution together with an atteInpt t0 make an extrap01ation of its contribution t0 910bal effect

in me neXt ten years．

1．2．2 Specmc objectiVes：

1．To aIlalyze the current air p01lution in Ball讲(o c埘in Mali by evall刎ng its，causes，

and its effects to廿le enViromnent，h【IIlan health and general百obal iI】叩act．

2．To identi黟tlle specific components and tllere possible nows in me a11110sphere锄d

eV咖al effects on the enVir0衄ent andhealm of the people of B锄ako city．

3．To suggest e仃ectiVe remedies aIld legal‰e work for the con仃Dl of air poll“on iIl

B锄协【o City which call also be applied else wrhere i11 tlle deVeloping couIltries．

3
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Chapter Two Stlldy Area

2．OThe West A衔can count】眵of Mali

Mali，is one of the largest countries in the heart of West A衔ca，is located between me

1 Oo and 250 of No胁em latitude锄dbe觚een也e 40 of longi伽e East a11d 1 20 of Westem

longitIlde．It covers a sum屺e of 1．241．238鼬∥with a population of 13，OOO，000 iIlllabitants

、vhich is approximately 1／24th of the total su矗aCe area of Amca． n shares 7 000 km of

borders witll 7 c01lI蚵es(Figure 1)n锄ely；Senegal，M瓤Iritallia，A19eria，Niger，Burkilla
Faso，Ivory cost and(hinea．It is a coun_n了w11ich lacks a11 outlet to tlle sea hence it has as to

cross other co垤mes in order to access the Various ports for ex锄ple it is 980 km to Cona虹y，

1．225 hn to Ab嫡an，1．228 km to Da玉【ar，1．967 km to L0me，1．973 km to T6mall，2．096 km

to reach Cotonou aIld 1．430 km to Nouakchott(CPS／Transport source)．111is s伽y waS done

at tlle Balllako city and its enVirons．n included t11e collection of data at speci6c p龇s of the

city．

Figure 1：A map of Mali showing the m旬or towns趾d tlle capital on the Southwestem part

of the country

2．1 The C卸ofBamako in Mali

The city of Banlako has a population of oVerl，500，000 inhabitants in area of 24，000

hectares in me Southwestem part of Mali．The Niger riVer pass a甜oss the city diViding it

into帆o halVes i．e．the ri曲t baIll(and the leR bank；me ri曲t balll【made up ofthe co姗on V
4
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锄d comnlon vI blocks wllich are瑚Ipidly developing a舭r tl：Le collstmction of a bri电e called

Falld． 111e ce蛐嘣part of tlle town is made up of删y蛐s仃atioIls锄d n面e actiVities．

The bridges and曲proVed in仔as仃uctllre haVe i11cre嬲ed mobilit)r锄ongst cit)r dwellers aIld

昀旬【ers thjs zone andⅡle peripheral districts． IIl a(Idition t0 the rail、Vay 1ine wmch connects

me West of tlle ci够t0 me EaSt，B锄ako llas iIl nle l嬲t ten years undergone a协emendous

const九JCtion and reha：bilitation schedule as wen an a由ustl】[1ent of certain in仔as仇lctures iIl

roads，commerCial spaces andp幽g are嬲．

The relief of BaII冰o is c11a】mt嘶zed by haVing saIldy plates of the Mandingue Plate，

w11ich extends筋m the noml of the Niger mVer atⅡle border of Senegal． n extends 800

meters meeting the Plate of Koutiala wmch eXtends丘om the soum oftlle course lli曲er of the

Niger Rjver tllan me border of Bur虹na Faso． The 11ighest point is about 79 1 meters in a clif!f

called Bandiagara．Th9re is also on tlle E弱t a c11ain of residual tlillocks in a zone called

Hombori where the 11ighest point is at 1．1 55 meters．

To the noml of tlle MaIldingue Plate，is a u11it w11ich is made up of pamally silt plains，

called Hodll．It has an altitIlde、Ⅳhich啪ges be铆een 260 a11d 320 meters．The lowest

topographic zone in Bamako is the basaltic Plate of Kaarta wllich dominates the plains in the

Valley of Senegal．111 tlle central part of the count巧there is a Vast a11uVial plaill in the interior

side of the delta of the Niger mVer．There is a zone called Goun妇n wmch has sand dunes

and smaU rocky llills、)l，hich liIllit the plains of t11e delta foming snlaU lakes．The omer plain

exteIlds to t11e e嬲t丘om the delta between the loop f．rom Niger in Nonh and me dogon Plate

towards the South Tllis uIlit is known嬲the Gounlla． From me point one caIl obseⅣe fixed

cords ofdlmes觚d smallicebe唱s emergiIlg丘．om the stony or silt up plains．hl the North—East，

we find the Adrar of Ifoghas which extends a distance of about 890 m constituting a

crystalline solid mass in the central Sallara． It is skirted to the west by the fossil Valley of

Tilemsi(Figure 2)． IIl the soum—east ofthe solid mass，one call 0bseⅣe the plates and plains

of T锄esna like in me North—E嬲t of the valley of Azaouak．All tllis topo伊印hy makes

B锄al【o City to be like a cit)r in a basiIl where air can not疳eely cirCulate exc印t for heaVy air

currents．The ori百nal idea of haviI玛a city here was because it had water in the basin which

was used by distallce travelers aS they crossed to the upper dry plaCes． But modem

deVelopment now necessitates anottler pl锄ing if air pollution especially fbm deIlse gases is

to be avoided．

5



Figure 2：Profile ofB锄ako showing me Basin of B锄ako

2．2 Econonly of Mali

The econ。my。f Mali rely衄n捌1y a咖culture，1iVestock breeding，觚d 6shing．These
sectors ernploy about 80％of me workillg p叩ulation．

Z·2·l AgricuItIIre

Most ot the count巧produces cereals such as millet，so玛hum，rice，com，f01io’com
wmcn are used to make most stable foods in Mali．h1 2004，me lalld surface deVoted to the

growlng of cereals was 3·473．782 ha including 1 20．Ooo ha which was under埘gation．fhe
area wl虹chis lmgable is estimated tobe close to 2 111ilIion hectares(DNGR，2004)． Because

o士the 1111pr0Vement of the in丘astmct吡es a11d measuremems of 1iberalization of the market．

nce grown m Mali has become more competitiVe man imported rice． More than half of the

produced paddy comes行om the zone舭Imed by the 0伍ce ofN垮er，‘‘the attic of West A衔ca
”·The Mali national requirement of cereals is approximately 2 milliofl tons per a11nuIll The

nas been a cereal su印lus for the 1ast 6ve years which has nlade it possible for Mali to expon

cereals to Mallritallia，senegaI Niger a11d Blu．killa Faso．other cereals were also exponed to

‘nese countnes·hldustrial crops are of special importance in the a酣cultuIal policy of the

count巧·Wim a production of 592．000 tons cotton in 2004，Mali waS the largest producer of

cotton south of the SaJlara in A伍ca． The zones reserved for t11e culture of cotton cover a

s耐．aCe of 151-000 kIll
2
and approximately 2 nlnlion peas锄s work in nearly 200舢0

plantations．

As a first industrial crop and firSt product of eXport，co№n represents 10％ofthe PIB of

tne pn加ary sector aIld nearly 5 8％of the eXport e跚niIlgs． A good part of this cotton is sold

to the U-S．A，CaIlada，on the ma诹ets of the Europeall Union，China，J印aIl and Soutll A衔ca．

蠹一
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2．2．2 LiVestock Breeding

Anima】breeding r印resents applroximately 1 O％of me nation甜Pm觚d coIlt曲utes for

l 8％t0 the income of me mral populations and for 80％of the income of t11e populations of

Ⅱle exclusively paStoral’s zones．The liVestock activi够is been practiced on oVer 44 111illion

hectares wmch mal【e up about 70％of me coun仃y’s territo巧．The Mali姐liVestock，haS

20．402．62 l of heads舶m small ruIllinallts and 7．53 1．737 of heads of boVines．t11is is most

si班ficallt in West A衔ca． The breeding l粥been the讹ditional occupation of maIly

com咖u】ities in Mali．The population gr0叭h of livestock is V撕able aCcording t0 a particular

species；this trend is di伍cult t0 estimate wim precision僦ng int0 aCcount tlle lack of regIllar

aIld reliable census． It tlms would 1ie be押een 3％for the bovines aIld 1 O to 1 2％for the

poultries．The distribution of the herds is Ver)r unequal tIlrough the coum巧．The cattle

products mdke up me蝴main category of product export iIl Mali aRer 901d and cotton．

Tlle growth of仳s indus仃y was slowed down by the political仰moil in IVory CoaSt．

MoreoVer，the sharp competition舶m other coulltries of uIlder．1ike Bur虹na-Faso and Niger

increased the competition because they were more orgamzed and hence contributed to the

decline of liVestock exports 6．om Mali． The pIlinCipal destinations for the boVines，she印a11d

me c印渤e ones are still IVory Coast，Senegal，Ma埘tallia，Guinea，Ghana，Burbna Faso and

Niger． C锄elines are exported to areas in me nonh such嬲Tombouctou，Gao aIldⅪdal and

also towards Algeria龇ld M砌伽a．

Table 1：111e mreaSe in the rate of eXportations of liVestoCk in Mali

Sour∞：DGRC，OMBEVI，DNAMR柚nual r印on 2007

2．2．3 Forestry industry

The Forest sector holds a plaCe of choice iIl the national ecollomy and cor心butes to me

Pm mal【ing about 4．9％．T11is makes up to 25％of me natiorlal eXports． According to

statistics of the DNEF(National Direction of Water alld Forest)，if one takes account of me

products of gathering，the wild觚its and the gaSoline’s for the pharmacopoeia，me estimated

Value of me products of the forest sector ind印endent of raised fodder would be about 70

billion触ncs per almu】[11．

7



东北师范大学硕士学位论文

hl tlle laSt five years the con仃．olled national production was estimated at 373．633 m3 of

wood ofheating锄d 23．880，50 tons of coal(MEATEU，2006)． The n硼e of woody向els

represems a sales tIJnloVer of 2 l billion CF～year妇1cs． AccordiIlg t0 omcial statistics’，

the comrolled production of wood opens枷ng five laSt years锄ounts t0 204．4 1 8 mj

(DNAER：National direction of 111stallation and the R_I|ra】Equipment，DNCN：Natioml

direction of the Natllre conservation)． The imports for the s锄e period are evaluated to

75．09 1 m’(DNSI：NatioIlal direction of the Startistics a11d Data processing)．

The production controls wood of fiVe l嬲t years seⅣice is estimated at more tllaIl 1 6．26 1

m’(DNAER：National direction of 11lstallation and tlle Rural Equipment，DNCN：National

direction of the Na：t11re conservation)． The gross arncIⅦnt generated per aI!皿吼is e疏nated
at l OO Inillion危mcs．The Arabic gIlm r印resents 2％of exports of the 11Jral sector for a11

锄ount of 1 OO million仔ancs togetller with almonds and the butter．The目Ⅱn触ic
r印resents 2％ofeXports ofme mral sector for an锄ouIlt of 100 million丘．觚cs aIld the Shea

almonds a11db眦er pay t0 eXport ne砌y 1．1 billion劬ncs／year is 3，6％ofthe total ofnational

exports．

Wild falma plays the si鲥ficant role one iIl the economic life of the coull蚵． It is under

carrying sector in seVeral fields(phannaCopoeia·food safety—trade-craR industl劝． n

pays nearly 400行ancs／year million to the budget of the State by the sale of the licenses a11d

t11e ta)【ation of the tropllies． According to a r印。幽io of the GTZ，the aCtiVity of hlIntiIlg

contributes t0 me f碱ly ecollomy to a to饥I vmue of 7 t0 8％in medillIn mral．

2．2．4 Fishing industry

Fislling remains one of tlle pillars of the mltioIml economy，呲s to the rivers Senegal，

Niger and their amuent． n mal【es Mali one of the large仃esh water fish producer in an area

iIl spite of the c印ricious dryIless’s and pluViometric’s． It places Mali among the first能sh

water fish producing A衔can couIltries wmch produces millly ca印s and captains types of

fishes锄ong others． The锄ual production of fish call reach l OO．OOO tons in a year．Tllis

sector contributes a total value of 4．2％of the total PIB of the countly，eInploys nearly

500，ooO pe叩le(7．2％of the working population)besides feeding the budget of the State a11d

tlle local co眦unities．This锄ounts t0 approxiIllately 90 billion丘anCs per aI】mlm．

The national fish production meets the domestic demaIld w11ich is estimated at

l O．5kg协／bab compared to 7．8kg／a11／llab demaIld for the meat． Mali eXports about 5 600

tons per aIm眦smoked aIld dried fish traditionally to BurkiIla F嬲o，Niger，Nigeria，me

IVory CoaSt，Ghmla aIld Guinea although it also imports a m呼nal 300 tons per a11mlIIl

舶zen and driedproducts舶m Ivory Coast aIld Senegal．

8
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2．2．S ExtractiOn Industry

The m狮ng sector remains a key national嬲set f10r tlle co咖’s deVel叩ment．Mali haS

maIly Injneral resou_rces 1ike Ferrous aIld nonferrous metals and omer Valu乏lble products．

111e pmduction of 901d metal made a rem砌【able jllIllp，paSsillg 6．291蚝in l 995 t0

44．584．5 1 7 kg into 2004． This production is equivalent to a sales tI】nloVer of 30 biⅡion

丘锄cs．T11lls，gold is me main eXport produCt followedby co伉on wllich llimen0 proVided half

of me currencies of the couIlt巧． Mali is tlle third producer of 901d in A伍ca after South

A伍ca and GhaIla．The reseⅣes are estimated at 145 tons i11 the two p衄ipal 111ines ie

Sadiola in t11e ex仃eme West of the coun缸y锄d Siama to 400 km in the S伽m．There are

prospects of other gold be嘶ng areas which might start rnjIling for ex锄ple at Loulo，

Tabokot0．Kodi6ran and KalaIla．

2．2．6 Tourism and Craft industry

The tourist seaSon 2006—2007 is recorded as t11e in Mali． The n硼曲er of tounsts

increased 16rom 37，000 t0 150，000．T11is is like four times when compared t0 t11e du：I．ation

between 1 998 a11d 2007．One of me factors for tllis tourism boom is the simplification of the

procedlIres of emq iIl Mali a11d t11e rcorgallization of me sector．Several si嘶ficant
inVestHlents haVe been made in me m眦ler of rcception and lod咖g at the tune of more thaIl

11 billion 6mlcs in tlle last few years．

Figllre 3：Tlle percentage ofme main Work force ofEconomy Sector in Mali(2007)

9
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Chapter Three Literature reView

3．O Air poll砸0n

There are several g弱es Wmch ma：ke up the eanll’s a恤osphere of wllich 11itrogen

(78．08％)and oxygen(20．9％)a诧me m勾0r components，together with a瑚ge of other gases

such as argon(O．93％)，carbon dioxide，neon and helium(Preston-Whyte a11d Tyson l 993)．

Theco咖of Mali aIld its c印ital city B锄ako obviously share its她osphere wim the rest

of Nortll A伍ca a11d me rest of tlle world hence the ci锣’s air quali够is also largely goVemed

by rel乒oIlal a11d global atmosph嘶c conditions．111e reason is that hi曲orlow air mobili够

causes impaCts on the air qllali够at places f打remoVed丘．om the sourCe．T11is depeIlds on the

dilution and mixing effects of the preVailing winds，climate，telllperatIlre觚d precipitation．

There is also a vertical mi妇ng of air within tlle仃oposphere(10west a恤ospheric 1鲫臂up to

1 0．1 5 hn行om me Eartll’s su“ke)，w11ich is d印endent on temperature aIld se嬲onali够．

Studies show that enviro姗ental interactions between the three phaSes of me釉osphere
(solid，liquid and g嬲eous)results in air quality affecting the quality of water，the terrestrial

environment and ultimately hlunan health．For ex锄ple，aCid rain is caused by lli曲sulphllr

dioxide(S02)a11d nitric oxide levels in me abnosphere，w11ich combine with water droplets in

clouds and ultimately precipitate into the terrestrial enviromnent．Therefore，S02 a11d 11itric

oxide can cause changes in孔idit)，in me terrestrial eIⅣironment leading to corrosiVe ef．fects

on buildiIlgs，acidification of soils a11d watcr，mereby impaCting on ecosystems(DEAT 1 999)．

There is an increasin酉y p01luted atmosphere in the cities i11 sllb—Sa：h甜aIl A衔ca which is

emerging嬲a key t11reat to t11e health，enViro衄1ent，economy and qpality of life of111illions of

people．Because of this the UN EnViroImental Pro孕锄(UNEP)in Nairobi，27 July 2006

called for new p劬lersllips锄ong countries t0 clear the air．The main contributor of this waS

identified嬲lack of pl锄nmg in A衔ca’s urballization zeal alongside a rise in the nⅧ曲er of

faulty vellicles this is 1eading to a decline in air掣吼1ity with all t11e health problems in most

cities said Ac_him Steiner the eXecutive director of UNEP．Mali，l像e o也er couIltries of s．ub

Sall删l region is su功ect of Various economic problems wllich weaken its process of

deVelopment．Amongst them is the锄曲ient air p01lution wllich today is not the subject of

supported a：ttention as it is the case for the omer resources of the enVironment such aS water，

soil，the nora，and f籼a．A衔ca is leanling丘．om devel叩ed co州es and seVeral bodies are

concemed with the rate of air pollution in the continent，for eX锄叩le Air pollution

info彻砒ion net、)l，ork of A伍ca(APINA)is a ne佃ork of scientists，p01icy mal【ers and priVate

lO
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sector aIld non‘goVemmentm o唱aIlizations丘om wllich aillls at衄lsf．erring releVaIlt air

pollution illfomation to policy mal【ers for infomed decision mal【ing．n is co．coordillated by

me School of Mines，U11iversi哆of Z明mia，through t11e hlstitute for EIⅣ曲onmental Studies

(IES)，Zmabwe．T11e present APINA project is a pan of me 2001．2004 phase of the

Sida_劬ded Pro争aIIl on Re百onal Air Pollution in DevelopillgCoulltries(m心DC)Ⅵ恤ch is

coordiIlated by the Stockholm EIⅣiro衄ent hstitute(SED．Several govemments are also

educating the ci够dwellers about me iIllport锄ce of aVoidiIlg air pollution for ex锄ple仔ee
Vehicle diesel e血ssion testing stations were plallned to be set up aroulld C印e Town in South

A衔ca for three days，aimed at raisillg awareness around the importance of coIIb．0lling air

p011ution in the city．Motorists who drove heavy Vellicles suspected to eIllit heavy poIlutallts

iIl the ci够were allowed to test their vellicle’s diesel emissions仔ee of charge，wimout the fear

of being charged．(BuaNews Tsllwane，lO April 2008)The data conected was to be used to

intensi矽me city’s air quali够m锄agement calllpaign．Wllich in 2006 aIld 2007，had exceeded

Wodd Health Orgallization air quality guidelines．T11is is the sad story in many cities in

A陆ca hence there is a need for all cities to become more eIⅣiroIlIllental conscious．There are

maIly gaSes wllich pollute the air of w11ich many haVe rlot been studied for ex锄叩le A衔ca

contributes about l 8％t0 tlle酉0bal isoprene eIllission aIld 1 5％to me酉obal terpenes

砌ssion(Roeckner et．al，2003)．One ofthe reaSons why air pollution should be contr011ed in

A伍ca is that oVer tropical A伍ca e皿ssions of Volatile g嬲es is诅I(ing place throughout the

year because A衔ca exmbits less seaSoIlal Variability in comparison witll otller re百ons of the

world．(Aghedo et a1，2008)．

3．1 What A衔ca should do about its c1】n．ent city pollutions statuses

There are many f犯ets wtlich need to be brou曲t i11to focus when dealil培with air

p01lution on the A衔call continent like the existence of respirato巧hazards due to air p01lution

aS a result of industrialization，tobaCco smoking in wbjch caSe we re诧r as persoIlal p01lution，

domestic p01lution and vellicular向el coIll_bustion．The rate of air pollution is so hi曲that we

need to stimulate health workers，aIld v撕ous govenlIllems in Amca，to devote Inore attention

t0 t11e su_bject of air pollution by enga百ng in a11d encour画ng multidisciplina巧research so

tlla_t appro研ate and effectiVe colltrol meaSures call be put in place(TaIlirnowo，2000)．

Recent studies haVe shown that A衔ca con伍butes about 43％t0西obal biomaSs bunling

auctiVities and accounts for百obal怕pospheric ozone eIlllancement of up to 9 Tg．A model of

calculation by Adetutll at a1．，2008，of RaSt．MaX—Plallck hlstitllte for Meteor0109y'Han：1burg，

Ge咖a11y in 2008 suggested that about 75％of the A箭call biomass．bumin哥related

们pospheric ozone is协aIlsported out of the continent．F1lrtber sensitivity studies indicate

about 26％contribution to 910bal biogeIlic VOC(e．g．Isoprene)eIIlissions by A缸c锄
1 1
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Vegetation．Togetllcr witll soil
NOY emissions，these coIltribute about 1 7 Tg t0 tlle百0bal

仃0posph嘶c ozone burden．They estimated that me sensitivity of tllese results to climate

change by pe墒nIling a set of s咖lations for cliInate conditions of the year 2030．Hence

A衔ca can not be neglected i11 the global air p011mion c锄pai印s(Aglledo et a1，2008)．Mali

produces a lot of Oil products which caIl be a m句or sourCe ofpollutants．T11is is because oilis

a mi】【tIlre of吣，Idrocarbons arld caIl produce g硒es deriVed f．rom C2H6．Otller oil products like

paramn and of cycloparamn or cyclic ar0Inatic hydrocarbons contain small quantities of

benzene hydrocarbolls，sulphur．A partial coⅡlbustion of oil百Ves plaCe to tlle polyCyclic

aromatic hy出oc舶on fomation(HAP)，w量lich are carcinogenic(Ho胁aIl肌d Wydner，

2005)．The relatiVely lli曲concentl州on ofthe HAP in the air in B锄al【o could have h锄如l
effects on health due to the the presence of compose carCinogellic like Ber屹o(A)pyrene． 111

f．act the convinciIlg evidence exists aS for the bond be俩een Benzo(A)pyrene aIld the callcer

of me skiIl，the lur培s觚d the bladder to man(hltemational Agency for Research on Cancer，

20061．

It is dimcult t0 estimate by risk anmysis how mally people die preman玳1y舶m
respiratory or cardiac problems caused or ag伊avated by air pollution because people are

e)叩osed to so m锄y different pollutants over their 1ifetimes．In the UIlited States，the EPA

estimatesⅡlat annual deams related to outdoor air pollution range矗．0m 65．OOO to 200．OOO

(nlost丘om exposllre to丘ne particles；Spotligllt)．If we include indoor air pollution，estimated

a1111ual deatlls丘．om air pollution in t11e UIlited States range舶m l 50．OOO to 3 50．000

people—equiValem§to 1-2缸lly loaded 400-passenger julll．bo jets craslling accideIltally eaCh

day with no survivors．Millions more become ill and 10se work time．A 2006 study by state

a11d local air pollution omcials estimated mat eaCh year more th趾1 25．OOO AmericaIls

(1 20．000 of t11em in urban areas)get caIlcer 6．om breathing diesel缸1es 6．om buses，tmcks，

锄d other diesel en酉nes．According to the EP．A and the American Lung Association，air

p01lution in the UIlited States costs at least$1 50 billion annllally in health care and lost work

productiVity，with$1OO billion of that caused by indoor air pollution．Air pollutants cause

billions of dollars in damage to Various mat甜als we use．T11e fallout of s00t a11d鲥t on

buildings，cars，and clothing necessitates costly cleaIling．加r pollutants break down exterior

p曲1t on cars and houses，and they deteriorate roofing materials．Irreplaceable marble sta_tues，

llistoric buildings，a11d stailled 91嬲s windows around the wodd haVe been pitted，gouged，a11d

discolored．The EPA estimates da衄age to buildings in the Uflited States f硒m aCid deposition

alone at$5 billion per year．

Complex mixture of air p01lu伽1ts produced in the lower atInosphere by the reaction of

hydrocarbons and 11itrogen oxides under the innuences of sunlight．Especially h锄向l
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componems include ozone，peroxyaCyl Ilitrates(PANs)，and V撕ous aldehydes．Any che面cal

reaction aCtivated by 1i曲t is called a photoche血caLl reaCtion．Air pollution known嬲

PhotocheIIlical Smog is a mi】(ture of p面m叫aIld secondary pollutants fonned under tlle

innuence of suDlight．The resulting m泌ture of more tIm l OO cheIllicals is donlinated by

photochemical ozone，a 1ligllly reactiVe g舔tllat 11anns most liViIlg orgallisrns．
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Chapter Four Contributors of air poHution in Mali

4．O Airpollution in B锄ako c毋in Mali

4．1 The main cOntributors of air pOUutiOn in Mali

Air pollution in Mali is maillly caused by the many sectors of仃ansport sector，industrial，

dorIlestic and even a鲥culture．The follr sectors contribute different pollutants t0Ⅱle

a恤osphere．

4．2’I．he transport sector

Mali is dominated bv second h砒1d vellicles wllich basically aure not road womly but in

panicular we call say mey are not environment衔enmy．More m趾80％of the p曲lic Vemcles

are more than 11 vears old w11ile out ofmese 70％are above 16 years old(Figllre 4)．We can

meaSure the power consumption of mese vellicles by considering the pe仃ole哪products used

in Mali． Mali imports on aVerage more than 6，059，904 toImes metric of hydrocarbons per

year(includiIlg more thall向el oil 45％)by one year since 5 years． IIl 2004，the

tfansportation occupied a si嘶ficant share in me consurnption of conVentional energy with

more tlm 60％．The combustion offossil fIlels by the cars and omer driVing macllines e埘ts

p01lutaI]临iIl me annosphere like C02，N02，S02 a11d lead dioxide wtlich are Ver)r toxic·

Table 2：The number of vehicles wllich where in B锄ako city 2007
_ ll____—-———_———_—____I—__—_-—-—__—-——————____—___—___---___-

B嬲 ‰n Lo哪 B遍 Tr口珏er 觚icnl口ted T戤i P昀lic n口dor -mate

VehicIes

65 12326 2052l 10 97 7272 18l 17126 7697 9192l

O．04 7．8 13．O O．Ol O．06 4．62 O．12 lO．89 4．90 58．47

一_l___●-_-__l-I-_-I-_____________-__l●-_-___●_●-_●_l—
To协l：157 216

Source：N撕onal o佑ce ofTmnsponation(oNT，2007)
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FigIIre 4：Smoke舶m T舢sport Sector in the town of Bamal(o C时in Mali

4．3 The industrial sector

1k industries are锄ongstⅡmin causes of me air pollution．hldeed，due to increase i11

indus仃ialization，the consuI】叩tion of fossil向els砒ld the releaSe of me p011utants in the air

11ave tremendouslV increased． The BaJIlal(o City has a 1arge n啪ber of mdustries per

ex锄ple textile indus缸y，me切n蝣ical indus时，fertilizer indus仃y，mbber indus蚵，p印er

manl】facturer indus衄， sweet and biscuit production indus仃y oil production indus时，

detergent production illdus仃y，medicine production iIldus仃y，aIld ice production i11dus衄

Ⅵ柚ch mal(e up to 5 1％ofthe town．They are located iIl an i11dustrial p破，es讶blished in me

East of me city on the traiectory of the do血nant winds(E2ust-’West)．The i11dustrial park

releases each day a smo玉【ing gaS to the city，wmch is iIl a baSin．These gases are not easlly

difmsed in协the atlnosphere and as a result the ci够is daily su_bjected to the toxic subs诳ces，

with all the risks that accompany it．Anotller source of industrial air polIution is仔om some

1 08 power stations With a production more thaIl 42 1 62．66 tollIles of coal per year in Mali with

bum eVery day t0 meet the requirements in electricity． Unf．orhmately currently none ofmem

practically has a11 adapted system of treatment of the gaS e觚ssions．The ma鲥tude of such

can be ove刑helming if projected to觚enty years缸．om today．The domestic energy need for

me local people is maillly met by use of wood and charcoal whjch releaSe maillly carbon

dioxide into me atmosphere． The local and the mumcipal c01111cil仃equently use孤archiStlc

incineration of solid waste w11ich produces a lot of smoke．Tms causes tlle锄osphere to look

as if it has and suspended particles m the air especially iIl the early morning．The aboVe

activities have been are identified aS also the prillcipal causes of the air pollution in the

l S
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m旬ori够of the cities of t11e developing coulItries accormng to U№P(U11ited Nations f-0r

EnViromental Protectionl imo 2006．

Table 3：()u锄ti够of C02 eIIlitted in幻me A缸nospherem 2006

Table 4：Gree玎b饼lse emission by di虢rent industrial uIlits／G追

s仰rce：111esis ofMaster，Physics ofAttllosphere锄d Envi枷ment，April 2006

4．4 Fo锄ation ofp01lutallts in B锄ako city

4．4．1 Pos盍ibm够of photochemical and Industrial Smog

Here is a simpli丘ed Version ofthe complex cheIllis仃y of photoche血cal smog f0衄ation．

It begins when nitrogen and oxygen in air react at the lligll tempe枷res follIld inside

automobile engines and也e boilers in coal-buming power and industrial plams to produce

c010dess nitric oxide(N2+02专2NO)．Once in the协Dposphere，the rlitric oxide slowly reacts

with oxygen to fo衄nitrogen dioxide，a yellowish-brown gaS with a chokillg odor(2NO+02

专2N02)．The N02 is responsible for the browrnish haze that hangs over many cities during

me aRemoons of sllImy days，e)【plailling why photochemical smog sometiIlles is called

brown-air smog．Some of the N02 reacts witll water V印or in the atⅡlosphere t0 fonn nitric

aCid v印or aIld nitric oxide(3N02+H20专2HN03+NO)．When the rem枷ng N02 is

exposed to ultraViolet radiation仔om the sun，some of it is conVerted to Ilitric oxide and

oxygen atoms(N02+UV radiation专NO+0)．The 11i曲1y reaCtiVe oxygen atoms也en react

with 02 to produce ozone(02+O专03)．Both戗le oxygen atoms and ozone men react wim

Volatile orgaIlic compomlds(mostly h舛Irocarbons releaSed by Vegetation，Vellicles，gas

16
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stations，oil refineries，a11d d巧cleaners)to produce aldehydes．In addition，hydrocarbons，

oxygen，a11d 11i仃Dgen dioxide reaCt to produce peroxyaCyl mn锄es or PANs(hydroc抽oIls+

02+NO专PANs)(ngure 5)．

C01lectively，N02，03，a11d PANs are called photochemical oxidants because they c锄

react witll a11d oxidize ce删n compounds in tlle atInosphere(or inside your lungs)that

Ilomlally are not oxidized．Mere仃aces of these photoche血cal oxidallts(especially ozone)

and aldehydes in photocheInical smog c趾确tate the reSpirator)r tI．act吼d damage crops and

treeS．

Figure 5：SiInplified scllcIne of the fomation of photocheIIlical smog．

Hotter days 1ead to lli曲er levels of ozone aIld other components ofp_hotocheInical smog．

As tra伍c increaSes in the momiIlg，levels of N0x arld llIlb啪ed hydrocarbons rise and be百n

reacting in the presence of sunli曲t to produce photochemical 8mog．On a sllImy day me

photochemical smog(doIninated by 03)builds up to peak leVels by e砌y啦enl00n，irritating

people’s eyes aIld respirato巧tracts．

According to a缸nospheric chemist ShenⅣood Rowland，since 1 900 tlle concentration of

p_hotoch砌cal ozone near the earth’s sudke haS inCreased by a fIactor 5—8 during s砒nrner iIl

t11e nomlem heInisphere，2-4 dllring the winter in the northem he面sphere，aIld 2—5 during

w硫er and summer in the southem heInisphere．A11 modem cities haVe photocheInical smog，

but it is much more common in cities with suImy，wann，dry climates and lots of motor

vellicles，this 111ight be the next leVel of pollution iIl deVeloped collIltries if air p01lution

conn．ol measures are not a任．ected now．

17



4·4·2 Denni廿on of Industrial Smog

The chemistly of iIldustrial smog is fairly simple．When b啪ed，me carbon iIl coal and

oilis convened to carbon dioxide(C+02÷C02)a王ld carbon m伽oxide(2C+02÷2CO)．
Some of me u11bumed carbon also ends up in the a缸Ilosphere as su印ended p删culate matter

(s00t)．111e sul缸compouIlds in coal and oil also reaCt with oxygen to produce sul缸dioxide，
a colorless，suffocating gaS(S+02专S02)．Sul丘Jr dioxide also is eIllitted iIlto me

仃0posphere、Ⅳhen metal sul6de ores(such as lead sulfide，PbS)are roasted 0r smelted to

conVert the metal ore to the仔ee metal．

111 the讯)posphere，80me of the sulfhr dioxide reaCts with oxygen t0佑rnl sulf．ur trioxide

(2S02+02专2S03)，w11ich then reacts wim water vapor in t11e air to produce tiny suspeIlded

droplets of sul觚c acid．(S03+H20专H2S04)．Some of these droplets react witll ammollia

m t11e a缸Ilosphere t0 fo蛐soIid pamcles ofammoni啪sulfate(2NH3+H2S04专(NH4)2S04)．
Tlle tiny suspended p枷cles of such salts and c讪on(soot)百ve也e result崦in“strial smog

a留ay color，explainillg why it is sometimes called鲫r．air smog．Tllis is stin in iIlsi鲥ficant
leVels in Bama玉【o c时but t11e rate of industrializations caIl reach at an i11nuential 1evelin me

next decade．Tllis because the f．actors which influence廿1e f0加ation of smog 1ike the 10cal

climate a11d topography，population density，the锄ouIlt of呶lus衄，and the mels used in

mdus仃y，heating aIld trarlsportation are all present but oIlly in small scales．Air pollution call

be reduced by rain w11ich helps cleanse the air ofpollutallts．T11is eXplains why cities with dry

cllmates are more prone to photocheInical smog than ones with wet climates．Winds also

swe印poUu伽1ts away，dilute pollutams by lIlixiI培them with cleaIler air，a11d bfing in行esh

alr·HoweVer，these pollu拓mts are blown and acc啪ulated in Bamako due to its location in a

basin like topo鲫hy．somewhere else or are d印osited舶m the sky onto s11rf．ace waters，soil，

aIld buildings．

4．4．3 Legislative and regulation of air po¨ution

111 Mali，the body w11ich deals witll the air quality control is tlle Management of the

Cleansing and ttle control of pollution aIld hann血l ef．feCts is the Natiorlal Direction of the

Contr01 of Pollution and the Ha吼m1 Effects(DNACPN)． Its taSk the elaboration of

national policy rcg裥ed of cleallsing and contr01 Of p01lution，h鲫m彻．effects and t0 ensllre

its elimination．
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Chapter FiVe Data analysis

5．O Results a11alysis

5·l AtmOspheric Gaseous POUutants in MaU

SeVeral gaSes were inVestigated i11 B锄dko city，tllis included sulph_11r dioxide，Nitrogen

dioxide and cafbon dioxide．Sulphur dioxide which is a product of me oxidation of sulphur in

pe仰le啪oil，had incre嬲ed due by 1 2．77％be觚een by 2006 w2Ls hi西because of the

sigmficant m曲nuIIl_ber of diesel vellicles in Mali． Nitrogenous gases also showed

栅nendous increaSe since 2005，but tlle level of carbon oxides was incredibly increasing at

al跗血g rate from 667∥咖3 in 2005 t0 1107∥咖3 iIl 2006 this w邪觚increase of60．25％．

The hydrocarbons and the sulpllurous aCid meaSurements of the gauseous pollut觚ts carried out’

were not too 11i曲to be alanning accordiIlg t0 WHO staIld铘ds(Table 5)．

Table 5：AVerage锄d n瞰i伽lIll total concen仃ations of me删or air pollu切nts i11 B锄址o

station in Mali bet、)l，een April 2005 and July 2006(Conc．∥g／岔)

砌Z胁缸甩f 6缸 Bamako ci姆air concentra戗on

2005 2006

AVer． Max． Aver． Max．

Sulnlr Dioxide 4．73 99．98 6．04 1 36．54

Carbon Dioxide

47．48

667

894．63

27947

49．05

1107

1512．，6

50485

The sulphur dioxide is probably the rnost dangerous of the pollut锄_ts wKch c锄e矗的m
the combustion of me vellicles，macllines aIld power stations in Mali．

The nitric oxide is produced五吣m mtrogen by heat and t11en uIlde理roes a second

oxidation to fonn llitl．ogen dioxide．Near the source，tlle pollutaIlt is especially i11也e fom of

Ilitric oxide．The Ilitl．09en dioxide is more daIlgerous for heaIth man nitric oxide．The

average qu眦i够of c酊bon dioxide was much hi曲er in 2006 than it waS it during the previous

yeaur)，beca：use of me 8i鲥ficant iIlcreaSe in the vemcle臼．amc iIl 2()05．Based on tlle values of
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nle staIld砌s established on the air qualityby MEPA(AdIIliIlistration of me Meteor0109y and

the EnvirorlIllental protection)a11d on the baSis ofiIldex ofpollution air established by me U．S

EPA(Agency of the United States for t11e Enviro衄ental protection)，me concen仃ations of

俩o p01lu衄g gauses m萄or(dioxide of sulphur a11d 11i仃ogen dioxide)，measured be铆een April

aIld July fi．om B锄ako city did not reaCh h锄[n向1leVels(Table 6)．

Table 6：A comp撕son data of EPA alld MEPA leVel ofB锄ako city(Conc．∥g／m’)

PoHH纽眦G口S A’’ernge MaDc L删el MEPA EP久Us

Le’，el stnnd征rd of 怂时m
彳扣 p即口脚 Level

Sulfl毗Dioxide 7．88 1 36．54 730 790

Ni仃ogen

Dioxide

49．05

Carbon Dioxide 730

1512．63

50485

1175

Pollution in a devel叩ing country is also changing hence seVeral dynamic laws should

be enacted to contr01 air pollution f．or ex锄ple in the U．S con#：ress passed clean air acts in

2000，2003．and 2006．With these 1aws the federal govemment establishes air pollution

regulations that are enforced by each state and by major cities．Con灯ess directed the EPA to

establish national ambient aif quality standards(NAAQS)．for six outdoor criteria pollutams．

The EPA re#孔llates these chemicals bV using criteria developed矗om risk assessment methods

to set ma)【imum pemissible levels in outdoor air．One limit。called a primary standard，is set to

protect humall health，and another， called a secondary standard，is intended to prevent

environmental and pr01)erty dalnage．Each standal．d specifies the maximu】m allowable 1evel，

aVeraged oVer a specific period，for a certain polluta秕in outdoor(ambient)air．The EPAhaS

also established ilational emission standards for more thaIl 1 00 dif．ferent toxic air p01lutants

known to or suspected ofcausing cancer or other adverse health e矗’ects．Well established 1 aws

can haVe long time benefits in a countr)r eVen a deVeloped coulltry like according to the EPA，

between 2000 and 2006，national total emissions of the six criteria pollutallts declined 29％

w11ile U．S．population increased 32％，gross domestic product increased 1 58％，and Vehicle

111iles traveled rose 1 43％．Between 2000 aIld 2006．mean concentrations of five of six criteria

air p011utants in the troposphere deceased by 98％for 1ead，93％for Volatile organic

compounds(VOCs)，88％for suspended paniculate matter(1 O IIlicrometers or less in

di锄eter)，44％for sul如r dioxide，a11d 26％for ca而on monoxide．The mean estimated

h_ulnan health and envirollmental benefits仔om air pollution re霉阻1ations be觚een 1 995 and

2005 amounted to$6．8 trillion，compared to$436 million(in 1990 d01lars)spent to implement

all federal，state，and local air p01lution regulations．Thus the net economic benefitofthe clean
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air act be押een 1995 and 2005 was$6．4打illion．During this 20．year period，the act preVented

锄estimated 1．6 million premamre deaths and 300 million caSes of respiratory disease．

Between l 990 a11d 20 1 O，the 2003锄endments to the CleanAir Act should provide four times

more health and environmental bene6ts th锄the estimated compliance costs to industries aIld

consumers。By 201O，tbe 2003锄endments should prevent 23．000 Americans丘Dm d)，ing

prema_turely aVen 1．7 million asthIIla attacks per year．But there are some bad news lil(e

between 1 990 aIld 2001：eIIlissions of nitrogen oxides(NoX)increased 20％．Be俩een l 995

aIld 2003，灯ound．1evel concentfations of ozone increased，especially in the southem 2Lrld

Ilortheaustem re百ons of U11ited States．Despite contiImed improvements in air quality，in 2004

areaS iIl which印proximately 1 42 111illion people liVed did not meet the primary s切ndams for

one or more of the six crite如p01lutants during part of the year．Hence deVeloping co蛐tries

like Mali can leam a lot f两m such advances．

A comparison of the ma)【iml】m concentratiolls of me dioxide of sulphur跚ld 11itrogen

dioxide me嬲ured be觚een April aIld May 2006 in a residential zone of Bamako in Mali by a

te锄showed that mev are also lower than the enviro珈[ne删 standards of ref．erence，

established in J印aIl，for these polluting gaSes(Table 7)．

Table 7：Maximum concen缸．ations of Sulphur dioxide锄d Ni加gen di0Xide me嬲ufed in tlle

residential zone of Bamako in Mali．(Corlcentrations in∥g／111’)

Pollutant gas Maximal Vhlue Standard of air QuaⅡty in Japan

(AVerage，day)

Sul如r dioxide 73．52 105

Nitrogen dioxide 64．74 80 to 1 20

5．2 Pollutants in the foml of p甜icles
一

B锄al【o city waS 0bserved to haVe a load of s01id particles，due to the dust aIld

saI】ldstonns． The dr)r climate，the hot summer，the乒eat extents of dust and the hot and dry

winds are factors W11ich contribute to this load．The卸-thropogenic f砬tors such aS the

veKcles of buildillg sites aIld the sand aIld stone qu删es disturb the surfhce of me粤．omld，

making it more魄ile a11d eaSily remoVable by me wind． We could 011ly speculate in

cormection with me impact of mese particles in me ground．IIlf．oⅡnation on me rate of

suspended p抓icles(TPS)waS not also available，but we observed mat也at industrial parks，

centre City，me commercial aIld residential zones showed a relatively hi曲rate of p硼icles of

about 600∥g／m3．Nonnally a mon衄y V撕ation waS noted wim a lli曲er rate in JllIle April of

about 1．050∥g／m3 alld a rnjlli删蛐rate in December of about 298∥g／m’．’rhe climatic

conditiolls influence in a signjficant way the rate of particles．The average in the presence of

tlle stoms of dust of 1．650∥g／m3 exceeds the Values found d耐ng risings of saIld wllich is

850∥g／m’，or in tlle presenCe of dust iIl suspension rou曲ly(622∥g／m’)，or蛐g the fogs
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of dust rougllly at about 360∥g／mj T11e matter in the shape ofp叭icles me嬲咖g less thaIl

1O micrometers(MP ln．ma吮rs in air缸山aled p硎cles，has the most si嘶jEic锄iⅡlpaCt on me

respirato巧system)．The dcpamnent of me enViroIlInental protection in Mali，the World

Health OfgaIlization aIld a team of researchers have samples me MPl o
f．0r one given period

me distribution of me particles wllich can be breathed in the zone located i11廿le East a11d in

the Noml ofMali．The average conce删。璐0fme MPlo win B锄al【o w嬲foⅧld to be 438，

3∥g／m。me global aVerage is 321，5∥g／m5．The study ofthe distribution oft]he sizes ofthe

MP
1 n
h嬲shown mat approximately one tl血．d of the particles(3 8％)app∞xiIll，ately measured

6 micrometers or more，while two thil．ds(60％)approximately had a lower size to 6

micrometers (me CouIlcil of the EnViroIlInental protection)．The AgenCy of U．S

Enviro珈[11entm protection A examines sanlples coIIling fIrom two u】man sites a11d A finds

values of MPlobetvVeen 10 and 55∥g／m’a sl姗aIld of 320∥酌F．A certain number of

sall叩les taken still胁her have watch of values MPl n
be觚een 1 20 aIld 950∥g／m’．The

staIlda删．1evel oftlle MPln bench in me east UIlited States of 150∥g／111’and the leVel of al锄
is of 350∥咖’．The stalld砌level of the MPln bench iIl J印aIl eaust lOO∥∥d．For V撕ous

reasons，in particular the仔equent stoms of fogs and dust，Mali h嬲a11 approximate卸m脚

average leVel exceeding the 800∥∥m’wllich could be to regard‘嬲being llighest ofthe world．

Thus we must e)【pect to mat the effects on health causes by the particles aIld their chemical

coInposition，are different in Mali compared toⅡmse o_bserved i11 Japan，Cllina，and United

States or in other industlj a】iz|e count矗es．

5．3 C1imate inversions in B锄ako

To Cla_te in Mali，no analysis of me phases of cli脚tic inversion has been made by the

weatller stations in me Bamako city． However，Ilot withstallding the climatic inversions，it is

undelliable that the quality of the air in urball enviro衄ent haS a direct relationship with the

entrI叩ic 111issions Whjch carr)r reaChed haS hum距health and co厕bute has the de黟ad衄ion of

me 6狮ewor．k of 1if．e． District records in the 1ast ten vears show an increase in the Low

Acute Respiratory IIlfections aIld generally little cl珊ge with rega坩to the High Acute

Respiratory IIlfections，wmle on the leVel of the co删es there is no increaSe 8ignificaIlt．

Being understood that pollution anthropogenic is expressed especially in will go low(because

of fine dust wllich penetrates in the 1ungs)，the obseⅣations described below could ex缸．emely

weU constitute aIl evidence of an increase in the air pollution haS B锄ako． 111 adldition

taking into account stalldards WHO(O，2l ppm for the N02 aIld 31，5 ppm for C02 perhour

of exposure)，the results ob谢ned(O，543 ppm has the ITEMA aIld O，602 ppm has the UMPP)

should not be ne西ect and would be all the珈Iore closely co蚰ected sirlce one would dIeVote to

it more means． The aCid rains are not u11known phenomena in Mali even if it do not reach
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Ⅱle proportions kno、Ⅳn under omers ways；HoweVer，cert血relatiVe data h嬲the quali锣of

surf犯e water(PH《，3 e．g．for B锄ako)must encourage has to take saf．eg岫Ird measures．

5．4 The presence of hea、7 metals in Ba棚ako City atmospheric air

There are hea、哆metal gaSes丘om maucllines or carried by sand storms dusts into B锄ako

ci锣．These heavy metals include Ilickel and vaIladium w11ich are in tlle amlosphere at

concen乜．ation of about 8 t0 28．舢thou曲these me弱urements were made over shoIrt p嘶ods，

we call lo百cally conclude，that these measurements，that the concentrations of Ilickel aIld

V锄adium B射n乏墩o cit)，were lli曲er than those found in its other clean areas． NeVertheless，

the evahIation of these values Inust ta：ke into account the f．act that the concentrations of 11ickel

in me urbaIl zones of&№pe va巧be觚een 60 aIld 300 ng／m3 aIld mose ofValladium be俩een

7 and 200 ng／m3．Thus me concentrations of 11ickel and valladium foulld in．me matter in the

shape of panicles in Mali were not excessive．Stuldies showed that 10ng-tem exposul．e of

these heaVy metals in mgh concentrations Ilickel could produce a dennatitis and cancer of the

nose and 1ungs趾d can have long time，serious eff．ects on me well being of human(L嬲t，

2006)．
‘

5．5 P01yCyclic aromatic hydrocarbons(HAP)

Smoke resulting丘．om ttle combustion of the macllines in Mali contributed t0 the 11i匝

mte ofthe HAP in the matter in the shape ofparticles i11llales(MPlo)．The total concentrations

of compose HAP in me a1．eas of B锄dko were not p踟ticulady mgll，on the coI“T龇y mey were

even lower than mose f．ound in urban zones of certain parts of the wodd．The average

concentration of benzo(A)pyrene in Mali waS about 4．59 ng／m’． By way of compa打son，

the aVerage leVel of beI屹o(A)pyrene to Paris in wimer is of 4．6 n∥m’and is not significant，

b毗it is necessary to be wary of the possible ea’ects ofmese long．tem pollu切nts on health．

5．6 Deaths due to Air Pollution

It waS not easy to get i11fomation of direcUy caused deams due to air pollution，but we

could ex仃apolate f如m№in related diseases t11at there is a sigllificant death leVel锄ong
ci够dwellers due to air pollution．T11is can be compared to a study of 2005 w11ich waS done

by A．ustralia’s Comrnollwealtll Science Council，worldwide at least 3 million people(most of

tllem iIl Asia)die prematIlrely eaCh year丘om the ef．fects of air pollution-an aVerage of 8，200

deaths per day．About 2．8 million of these deaths are舶m iIldoor air p01lution，alld 200，000

are n．om outdoor pollution．Tllis eXplains why me world Healtll O唱a11ization aIld the Wodd



东北师范大学硕士学位论文

Ballk consider indoor air p01lution one of the wo订d’s most cmcial enViro砌ental problems

(Figure 6)．

outdoor ExpOsure

(e)93％

Total deaths O．2 million

7％(f) (b)67

IndOOr Exposure

Total deams 2．8 million

(a)

9％(c)

％(d)

Figure 6：Estinla．ted prematIlre deatlls per year caused by indoor and outdoor air ponution in

developing and deVeloped countries，(Data舶m Australia’s Commonwealth Science Council，

20051

outdoOr ExpOsure：

(e)Devel叩ing co硼t^es(Urb绷)

(f)DeveIoped coulltries(Urban)

Ind00r ExpOsure：

(a)Developing countries(Urball)

(b)Devel叩ing countries(Rural)

(c)Devel印ed countries(Urb粕)

(d)DeVeloped countries(Rural)

Plant damage due to air pOHutants

The ef．fects of exposure of trees to a combination of air pollutallts may not become

Visible for seVeral decades，when large n啪bers of trees suddeIlly begin dying．Most trees and

Vegetation exaⅡliIled in Banlako did not show any significant air pollution e虢cts．This was

because it appeared soil nutrient depletion and pests，diseases，mn百，and drought seems to

a虢ct the plants more man air pollution．May be the ef瓷cts shall be seen later if the p011ution

increase as it has been shown in other countries where air pollution，mostly by ozone，also

waS seen to threatens some crops especially com，wheat，and soybeans and reduced U．S．food

production by 5—1 0％．IIl the Ullited States，estimates of agriculturallosses as a result of air

pollution(mostly by ozone)range丘om$2 to$6 billion per year，with an estimated$1 billion

of dan：1ages in the highly polluted Califomia alone．(Figure 7)
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Figure 7：Air pollutaIlts妇aged' weaken，or虹ll n．ees ill觚ecosystem and reduce

precipitation iIl aIl area．

The Ef亿cts of Air PoUutants On physical materials

T11e damage due to air pollutaIlts on v撕0us mat嘶als in B锄ako w嬲嬲sessed．We

fomld out that f．allout of soot aIld鲥t on buildings，cars，aIld clothing w嬲miIlimal and

necessitated 1ittle cost in cleaning．OIlly a few buildings had ext耐or pa血a仃ects a11d

deteriorated I．oofing Imterials．No old nlarble s缸Itues，historic buildings，and stained glass

windows arouIld the city showed pitted，gouged，aIld mscolored parts．Tllis w弱because the

acid rain d印osition in me c时waS quite low and insi印ificallt．

(Table 7)

Table 7：HanIl如l efIfects of Air Pollution on Materials in B锄ako Mali

丝竺垒堕垒!兰：≤l!竺竺竺垒苎!!!!型 兰三壁!!!竺堡壁堕翌!!壁垒!璺!!里竺!!竺!璺翌!!
● Stone aIld No In勾or surface erosion， Sul矗lr dioxide，sul觚c aCid，nitric acid，

concrete discoloration waS seen particulate matter

●Metals

● Cer龇11ics

a11dglaSs

● Paillts

●P印er
◆ Rubber

● Leather

● Textiles

OIllyIl0加al mst龇ld

corrosion was seen

Surf犯e erDsion not seen

Old building had little

discolo碰址ion

Some were bleached

no disc010ration seen

few Cracking，loss of strengtll

f-ew surfIace deterioration．

10ss of strenf吐h aIld

伽ing

SulfIlr dioxide，sul缸acid，Ilitric acid，

p耐iculate matter，hydrogen sulfide

Hydrogen fluoride，particulate matter

Slnfhr dioxide，hydrogen sulfide，ozone，

paniculate ma_tter

Sulf证dioxide

Ozone

Sulf．毗dioxide

Sul缸dioxide，ni仃09en dioxidc，ozone，

particulate matter



Chapter Six EffectS 0f air pOUUtion

6．O Consequences of Air Pollution in Mali

Almou幽there is a酽eat individual di仃brence i11 susc印tibility t0 tlle a恤osphenc

pollutaIlts，there is clearly a certain group of the population wmch is more sensltlVe than

others in tems of effects on healm．灿lergic reactions due t0 pollution call easlly be

misdia印osed as to 1aCk of a舡nospheric composition analysis．The humaIl healm e仃ects of

poor air quality are f．ar reaclling，but principally撕Iect the bodyts respiratory system and the

c棚iovascular svstem． Individual reactions to air pollutants d印end on me type of p011utaIlt a

person is exposed to， me de黟ee of exposure， tlle individllal’s health sta_tIls and

genetics． People who exercise outdoors，for eXample，on hot，smoggy days lnCrease thelr

expogure t0 pollu切nts iIl the air．An eXperirnental and epide血olo酉c study haS made it

possible for us t0 identi母tlle f01lowing sensitive groups in the populations·

6．1 Sensitive groups in the population

6．1．1 Children

Children c孤easily be硪宅ctedby air pollution because their respiratory traCts are stlll

imma时e at the锄础oIIlical level．There bronchi aLs few mllscles on their walls锄d are rich

in bronchial glands wmch ra耵缸fy out of bronCllioles．If cllildren are exposed t0 polluted

atmosphere mere respirato巧仃aCt secrete nuid in excesses can cause blockage．At has been

doculIlented mat development of the broncllial tree contilmes up to a11d until the cllild iS about

8 years of age． IIl addition，the i眦unity of the c11ildren is less deVeloped although mere

mmus is a greatbuffer for excessiVe舭忙ks on i删ty．The mldren tend t0 be are more

sensitive to the v撕ous aggressions against body systems especially atInos】m嘶c polhltion

1eading to alle哂c coughing锄d colds．

6．1．2 oId peOp№

The 01d people are very sensitive because of the reduction inⅡnullizing def．enses

Inechanisms in mere body．The asthmatic ones and tlle people afrected by aller百c rhinitides

are more prone to pollution effects．Biologically speal【ing tlle印imelium infl猢ation which

results矗．om asthma or the aller百c rhiIlitis can cause an increaSe in the印ithelial pemeability

to substallces hence，f．aCilitating t11e passage of tlle pollu伽1ts into the body．T11is call lead t0

chronic i玎ital吐s and ent巧points forbaCterial锄d Viral pat】№gens·
26
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6．1．3 Pa廿enb

People who are weal【alld siCk caIl be a腩cted by air pollutallts due to weakened bodies

锄d medications．’111is kind of people becomes particularly sensitiVe to t11e oxidizing

ag伊essions．Any inn鲫衄1atory phenomenon on the level of me bronchi and broncllioles caIl

compr0111ise alVeolar Ventilation and ultimate leVel of gaseous exchange．These msturbances

worsen the respiratory insu伍ciency in patients especially百Ven the low stalldard of medical

c剐．e in our toⅥ，Ils．Patients wim c砌iovascular diseases have been identified to be more

a丘．ected by certain a虹nospheric poUu乜mts like tlle fine p删cles aIld carbon monoxide leadiIlg

to the艇磐mVation of meir conditions．

6．1．4 SpOrtpeople ．

The people praCticing sports in the open space are also lligllly exposed to air pollutants．

Any outdoor sports actiVity needs an inCrease in lung Vemilation．Althou曲Ⅱlis can vary in

proportions aCcording to the quality aIld the intens埘of the e仃orts inV01ved，it definitely

increases in a conco觚伽t way the exposllre and ent】够of atmospheric p011utants in to the

body．For exaI】叩1e in Mali its sometimes Very on hot，and nowadays aS is becoming smoggy

caIl produce coIlditions wIlich inCrease the ef佗cts of exposure to pollut锄ts in me air

especially．to pe叩le wIl0 exercise outdoors．This can i11皿uerlce sport perf-0彻ance and oVerall

1ife span．

6．2 Complications of heath due to air pollution

A1mou曲there are is a group of populations wtlich caIl feel efreCts of even low

concentrations of pollu协ts tt啪the general population there is on the one haIld伊oup of

people whose maladies call be tfiggered or complicated by air pollution．Given mat the

principal mode of exposure to the air pollution is i11llalation，then m旬ority of the ef-fects on

health would be e)【pected t0 be related t0Ⅱle breathing aplparatIls．HoweVer，other

mechallisms can be intemred or triggered by air quality for ex锄ple asm嫩wmch is a

regarded aS a genetic disease is actually influenced by the eIⅣir0啪ent．Because of the

aller酉c ground and the genetic defomity me coInact wim the i仃itants caIl be very

complicated．It is a chronic dise嬲e most丘equem in c11ildll00d．Tlle BPCO(0bstmctive

cllroIlic Broncho-pne啪onopathy)，iIl p积icular bronchitis a11d the eInphysema，depend on

genetic，behaVioral aIld enviromnental f-actors．It is dif行cult t0 detenIline with precision the

p嗽，alence of nle BPCO because the dia印osis of the dise嬲e is generally posed only anlong

iIl-patients．

27
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6．2．1 The cOmpHcaltiOns of aUergies due to air pOllutiOn

A1ler西es are body reactions due to forei印antigens．Tlley are con仃011edby t11e iIllInune

sVst锄aIld innuenced by a se订es of fIa烈ors caused by genetic predisposition，the t’ood

particles，and way of l虢or eXposure allergens into the env拍11IIlent．The si印s of。the

respirator)，a11ergy are：aller百c rhinitis(hay cold)，cou曲，astt衄a．n is considered that the

a．cⅡlospheric pollutants coIl仃ibute t0 their increase，on the oIle hand，dh-ectly by increasing the

reactivity of me respirator)r仃acts a11d，on me other hand，indirectly w11ile ret蛐g the铲alns

of pollen more allergens．The cardi0Vascular diseases WHO estimated mat l t0 2％of

mortal姆by cardiovaScular disease(at the people already reached)can be a110tted to the 1i曲t

increaSes in the air pollution by the fine panicles．

6．2．2 Ajr poUu廿On causes Asthma

It has been reported i11 Mali as other countries that ast量1ma is becommg more common

chronic disease锄ong cmldren and adults．As廿1】f11a attacks are triggered by eXercise，body

infection，aller西es and even stress．One call dia印ose it eaSily for it causes shornless ofbreath，

coughing or wheezing or whjstlillg in me chest． It can also be triggered by sensitivi够to

non．aller西c types ofpollutants present in the air．

Figure 8：The percentage coInp撕son of cost reduction before孤d aRer irnplememing air

pollution regulations both in CaIlada and Mali in 2007．

A recent study ex锄ined the econo耐c Value of reduc协g

p011ution by intmducing cleaIler Vellicles and如els in CaIlada．

28
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Tllis study found that the
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economic Value of aVoidillg these healtll e仃Iects was$24 billion oVer a period of 24

ycars，comp盯ed to a cost of$6 billion t0 implement廿1e pr0孕．鼬，FigIIre 8．砸s is a

rcduction of 75％． Similar studies iIl Mali showed witllout regulation w嬲40％but wim

regulation it w硒to be reduced to 60％this is because cu仃ently tllere is little e肺rt being

Imlde to reduce air p01lution wllich is also not加【uch．

6．2．3 The ef亿cts of carcinogenic par6cles

The presence of even in smaU小啪tities of carciIlogeIlic substa]nCes in me enViro衄ent
caIl cause many concems i11 a population．It is considered that the 3／4 of the caSes of cancer is

related to extemal causes aIld，in particularly due to the way of a person conducts ms life．

Tobacco is 011ly being responsible for about“rd of morcal时caSes of caIlcer．There are now

many goVemments w11ich are concemed with the regulation of smol【ing cigarettes in public．

These ef王．0rts shall reduce me cases of first and second hand sInokers．Research indicates that

misible p疵icles-especially fine panicles with di锄eters less t11an 10 IIlicrons(PMlo)a11d

ul仃a fine p硼icles with di锄eters less thaIl 2．5血crons(PM2．5)一pose a si嘶fic觚t health

Imzard．Such particles are emitted by incinerators，n10tor V出cles，r习Idial tires，wind erosion，

wood-burning flr印laces，a11d power and indus仃ial p1趾ts．

Such tiny paIticles are not ef．fectiVely captured by modem air p011ution contr01

equipment，are small enough t0 penetrate the respira幻巧system’s n抛l defenses against air

p01lution alld call bring with mem droplets or otller p砌icles of toxic or caIlcer causing

pollutants that become attaChed t0 their su“犯es．Once tlley are lodged de印wi恤n me 1ungs，

tllese缸e panicles can cause chronic i仃itation tllat can trigger aS‰a attacks，aggraVate other

1lll玛diseaSes，cause lu】唱cancer，and interf．ere with me blood’s ability to take in oxygen and

rclease C02，which strains the heart arld increases the risk of deatll f硒m heart diseaSe．Several

recent studies of air p011ution in U．S．cities have indicated that 6ne aIld ultra fme panicles

prematurely kill 65．000-200．000 AmericaIls eaCh year，T11ere is no kIlown tlIreshold leVel

below w11ich the haⅡn向1 effects of fine panicles disappear．Exposure t0 particulate air

pollution is瑚【uch worse in most deVelopiIlg countries，where u】巾an air quali够haS generally

deteriorated．The Wodd Bank es衄谢es mat if paniculate levels were reduced globally to

WHO guidelines，300．OOO·700．OOO prematllre deaths per year could be preVented．In 2004，

tlle EPA锄ounced stricter e血ssion s切n捌s for u1舰f．me panicles with diameters less man

2．5觚crons(PM2．5)．The EPA esti眦tes the cost of implementing the s切n咖ds at$7 billion

pcr year，wim the resulting health and other benefits estim越ed at$1 20 billion per year．

According to iIldus仃y omcials，the new stand蜀们is baSed on nimsy scientific eVidence，

and its implementation、析ll cost$200 billion per year．EPA o伍cials say that meir reView of

也e scientific evidence．one of the most翩蛔stive ones ever uIldenaken by me
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ajgency-supports the need for the new staIld捌for u1娩fine particles．Furt量le肌ore，a 2006

study by the Healtll E仃．ects IIlstitute of 90 large Amefican cities supported the liIlk between

筋e andul仃a he panicles aIld lli曲er rates of deam and diseause．

6．2．4 Ef亿cts of A．r Pollution on Living organisms and Materials

The rcspirator)，system has a mmlber of mecha血sms mat help protect it舶m air

p01lution，T11is includes haVing a lot ofhajrs in me nose，w11ich filter out large p眦icles，

havh培a sticky mucus in the lilling in tlle upper respiratory traCk，w11ich c印觚．es smaller(but

not the smallest)panicles and dissolVes some g弱eous pollutants，sneezing a11d coughing，

、)l，：Ilich expel con伽[11inated air aIld mucus when polluta|1ts irritate the respirato巧system aIld

haVing hundreds of thousands of tilly加lucus-coated城r 1ike stmctures called cilia，which 1ine

your upper respirator)r tract．They continually wave baCk foml and tralllsport nmcus and the

pollutants they仃ap to your throat(where they are swallowed or expelled)．Years of smokiI培

and exposure t0 air pollutaIlts caIl ovedoad orbreal【down these natIl】『al defenses，causing or

co蹦buting to respirato巧diseases such aS 1uIlg cancer，asthma(typically aIl aller百c

reaction causing sudden印isodes of muscle Spasms i11 me broncllial walls，resulting in acute

shortness of breath)，chronic broncllitis Qersistent inflaIl珊Iation and damage to the cells

linillg the bronclli and bronchioles，causing mucus buildup，painml cou咖ng，a11d shonness of

breath)，aIld eInphysema(i11reVersible damage to air sacs or alveoli leading to abnomal

dilation of air bream．Older adults，infIants，pre朗aIlt women，甜ld people wim heart disease，

aStllma，or otherrespirato巧diseaSes are especiallyⅦlIlerable to air pollution．

6．3 St印s in reducing outdoor air p011ution

Until recently，enlphasis has been on dispersing and diluting，the pollu伽lts by using tall

smokestacks or addmg equipment that remoVes some ofthe particulate pollutants aner they are

produced．However，under the sul如r reduction requirements of me 2005棚nendInents to the

Clean AirAct，more utilities are switclling to low．sul如r coal and oil to reduce S02 eIIlissions．

ErlViro姗entalists call for greater emphaSis on such prevention methods．There haS been much

controVersy oVer requiring better p01lution control f．or 1 7．OOO 01der coal—bunling plants；most

of t11e larger ones located in the eastem half of the U11ited States．These pl锄ts and several

thousand older maIlu＆lCturing plants that bum coal make a Imjor contribution to acid

d印osition，cause large nunlbers ofprelnature deaths aIld health problems，and de铲ade many

terrestrial and aquatic ecosystems in me eastem Ullited states．Owners of most of these plants

}lave used emissions trading to avoid having to redllce air pollution emissions．To help deal

wim this problem，the Clinton adIlliIlis仃ation锄nounced enforcement ofa Clean Air Act mle

requiring 01der plaIlts to install modem ajr pollution comrol devices when they inlprove or

expand their f-acilities sigIlificantly．111 2006，a stlldy by Abt Associates(a primary technical

consultant finll for the EPA)estimated that reducing emissions疳om older coal．fired plaIIts
30
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could preVent 1 8．700 premanlre deatIls per year and 3 lnillion lost work days卸mlally舫m
respirato巧ill王1ess．The a行．ected utilit)r and malluf．ac嘶ng coInpallies Vigorously opposed

enfbrcement of t11is mle，arlguing that it would cost them too much money，raise electricity

prices，锄d cause them to shllt down some of their older plaIlts．IIl 2006，the Bush

adm谕stration said it would not enforce this mle．IIlprotest of锄s decision，Eric Schaeffer

resigned hisjob aS cllief of Civil Enforcement for the EPA．He said that the Abt Associates

r印on“shows how the Bush砌ms仃ation’s f．ailllre to enforCe the CleaIl Air Act is a serious

Ⅱlreat to public heal廿l”．

Six e嬲tem states a11d seVeral large cities(including Chicago and New York)，fed up with

dirtypower pl锄s aIld the lack of desire of elected o伍cials to d0 Inuch about mem，are taking

matters into their own hands．They are stIldying ways to reduce pollution丘om such plallts or

have paSsed legislation or implemented policies to acconlplish this．An iInportant way to make

sigIlificam reductions in air pollution is to get older，m曲一pollutillg vellicles off the road．

According to EPA estimates，l O％of the vehicles on the road in the U11ited States eIllit

50-70％of the pollut锄ts．But people who c猢ot afford to buy a newer car often own old cars．

One suggestion would be to paypeople to take their old cars ofjFthe road，wllich would result in

hlge saVings in health a11d air pollution comrol costs．Here is some good news．During the paSt

30 years，outdoor air quality in Tokyo，in J印a11，and in most westem EuropeaIl cities has

iInproved．The bad news is that outdoor air quality has remained about the s锄e or has gotten

worse in most rapidly growing urban areas in developing counl矗es．To reduce indoor air

pollution，it is not necessar)r to impose indoor air quality staIl捌s and moIlitor me more man

l 00 million homes aIld buildings in the U11ited States．IIlstead，air pollution experts suggest

that indoor air pollution caIl be reduced by several means．Another possibility for clealler

illdoor air in m曲-rise buildings is rooRop黟eeIlllouses t11rough wmch building air can be

circula，ted．

IIl deVeloping countries，indoor air p01lution舶m open fires and leaky alld inemcient

st0Ves that bum wood，chafcoal，or coal(and the resulting lligh 1eVels of respiratory illnesses)

could be reduced if goVemments gave people simple stoVes that b啪biomels more

emciemly(which would also reduce deforestation)and tIlat are Vented outside or proVided

tllem with simple solar cookers．

6．4 The practical way f．or、vard on ak p01lution
。

n is Very encoura百ng mat since l 970 most of the world’s developed couIltries haVe

enaCted laws a11d regulatioIls mat have si鲥ficantly reduced outdoor air pollution．However，

without str．ong political pressure by iIldiVidu2Lls aIld o唱aIlized铲oups of individuals 0n

elected omcials in the 1 970s aIld 1 980s t11ese laws a11d regulations would not haVe been

e11acted，向nded，and implemented．hl tunl these laws aIld regulations spurred compames，

scientists，aIld en百neers to come up with better ways t0 control outdoor pollution．These laws

觚d regulations are a use如1 ou印ut approach to controlling pollution．To eIⅣiro衄entalists，
howeVer，the next step is to shiR to preVentiIlg air pollution．With this approach，the question
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is not‘讪at caIl we do about tlle air pollutallts we produce?‘‘But‘‘how can we not produce

such pollutaIlts in tlle first place?“Bu】ming fossil如els is t11e major cause of most outdoor air

pollution．Thus preVenting such pollution over the next 40．50 years involves me following

st印s；Inte伊ating 90Vemment policies fbr energy alld air pollution，hnproving energy

e伍ciency to reduce tlle use and waSte of fossil缸els，Relying埘Iore on lower-polluting and

Inore climate-b喇萨natural gaS thall on oil and coal，mcreaLsing use of rcnewable energy，

especially solar cells，wind，aIld solar-produced吣协．ogen．，Regulating air q呦i够for aIl entire

re百on or air shed with primar)r emphasis on prevemion．，n．觚sf．e仃ing the latest

enerj酽emciency，renewable-energy，p01lution preVention，and pollution controltecllllolo百es
to developing countries，hl te咖s of lIuIInaIl health，the most serious problem is indoor air

pollution．Tllis is caused primadly by bunling of、Ⅳood，charCoal，dlmg，and crop wastes i11

open fires or inemcient stoVes in deVeloping countries，poverty，which is tlle primary reason

people in deVeloping couIltries，callnot a肋rd less p011uting ways to cook and heat their

dwellings aIld water aIld indoor smoking in deVeloped锄d developing couIl嘶es．Thus，the

most inlportant ways to reduce aIld preVent indoor air pollution are the following：Greatly

reducing poVerty Distributing che印and emcient cook stoves and s01ar c00k stoves in

developing coulltries，greatly reducing or b锄ing i11door smokillg．“ke the shin to

con缸Dlling air p01lution be觚een 1 994 aIld 2006，t11is new shiR to preventing air p011ution will

not协ke place witllout political pressure on elected o伍cials by individllal citizens aIld舯ups
of such citizens．See the website material for tms ch印ter for ways you can reduce yollr

exposure to indoor and outdoor pollu切nts．

Laying Down S仃ate酉c GoVernmentaI PoIicies

Mali haS si班ed aIld ratified a great nⅧ曲er of conventions，agreements alld treaties

reg砌ing to the eIⅣiro衄ental protection in pamcular the convention of ViellIla aIld its

protocol of Montrcal on the substaIlces impoVerishing the layer of Ozone and me convention

regarding to me safIeguarding of f．auna aIld nora in their natural habitat．Since then the co咖
haS been actiVely working on their inlplementation．IIl addition t0 mese provisions，to

iInproVe quality of the air in urban envirollIIlent，it is necessary now bec锄e more imperative

t0 set up monitoring systems in BaJllal(o a11d other cities．There should be a proven system of

collecting aIld disposing litter for ex aI：叩le domestic aIld public mechanical litter c011ectors，

hydraulic Vacuum cleamng，dr)r Vacuum clealling etc．But iInponallt is the education of me

maSses conCenling the Value of a cleall a恤osphere use of uIlleaded gas efjEicient automobile

conlbustion industrial eIllissions eValuated constalltly印ideIni010酉c alld toxicolo百cal stIldy

depending to me air pollution．The implementation of some of thjs call be costly Ilow but the

eVemually cost shall be less t11an if comrol a11d regulation measures are not taken now．More

tllan 1 OO co州es ratified廿1e protocol ofKyoto aillling at reducingby 5．2％the e血ssions of

gases for pu叩ose of黟eenhouse of 1 990 to 20 1O．We investigated the problem of gas

eIllission iIl the ci够of B锄ako in Mali w11ich is a deVeloping co咖with an aim of
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identi伽ng me causes alld e仃eCts of air pollution togetller w池aIl atteInpt t0 make锄

exn叩01ation of its contribution to酉obal effect iIl tlle next ten years．Tms w2Ls m浏y
because me pfoblem of greenhouse e仃ect can oIdy be e仃ectively tacl(1edby a collectiVe e行ort

of d“eloped alld deVeloped coWltries a11d the best applroach shoum be according to a

面nciple of sustainable e皿ssion proportiomli够． Like underlined it me Policy cllief

Walls旬r6m，we haVe allalysed me iIllportallce of collective responsibilit)r t0 work i11 me

reduction of eInissioIls of gauses comiIlg行om me small air-conditioners t0 large i11dustries．

11lis is because the nuorinated g嬲es a11d the carbon dioxide used in air—conditiolling are

obViously covered by the protoc01 of K-yoto．Most industrial couIltries 1ike a11 EuropeaIl

UIlion coun仃ies including me current aIld mtIlre member states，me USA，Japan，Cllina，Inma

锄d C趾缸b are all of me si弘atories ofⅡlis a乒eement．

Mali was in mis study idemified as haVing a 10t of f-aul锣aIld old inemcient maCllines

锄d cars w11ich are the m句or coI耐bu幻rs of air p01luting gases．Other fIactors 1ike impr叩er

implementation of a legal舶me work of industrial eIllission aIld education of the population

on西obal expectation together with healm hazards due to air pollution haVe also been

identi丘ed aus key players in sustainable air poll“on control iIl Mali．111e Town of Bamako

seems to have a topo聊hical disadvaDtage because of tlle 11ills wllich suITound it．The City is

i11 a depression wllich seems to allow air to settle and accmnulate in its atmosphere more than

otllcr places．Hence tllis project proposes a s仃icter contrIDl of industrial pollution and that any

删ler eXpansion of me C埘should be done at a11 area Whjch does not cause industrial

eInission to now baCk t0 residential are弱of the ci哆．
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Chapter SeVen Conclusions and Recommendations

7．O Conclusions

T11is thesis haS identified tllat B锄ako Cit)r in Mali m West A伍ca is producing Various

p01lu，taIlts which are beir培rele硒ed into the co咖’s a衄osphere due to a lligh rate of

i11dllstrialization a11d a11 incre嬲iIlg qu锄ti够of inefjficient Vellicles iIl the c01l芏l：tIy urball centers．

The fislling indus姆makes Mali 0ne of the 1arge仔esh water fish producerS t11e area with

龇mual production of up to lOO，OOO tons in a year was a sourCe of air pollution due t0 me

waSte ou∞ut of 500，OOO people who work iIl t11is indust巧．T11is is about 7．2％of nle workillg

population．The production of gold metal Imlde a rem啦a：ble increase in production by

InoVing舶m 6，291 kg in 1995 t0 44，584，517埏into 2004．Tllis went along with air industrial

w弱te production．The tourist seaLson of 2006—2007 is recorded an inCre嬲e of Visitors of

37，000 to 1 50，OOO giVillg a llint to the rapid deVelopment aIld interest i11to tllis co咖．hl tlle

仃ansport sector，more th锄80％ofⅡle public Vehicles are m1)re thall 11 years old while out of

these 70％are aboVe 1 6 years old with faulty combustion en西nes．Sulpbllr dioxide w11ich is a

product of the oxidation of sulphur in pe们leum oil，had increased due by 1 2．77％be觚een

2004 aIld 2006．T11is waS expected to increase in the next decade at an exponential rate

especially due to the 1arge willing investors舶m the West aIld Europe． Nitrogenous gaSes

also showed tremendous increaSe since 2005．The level of carbon oxides waS incredibly

increa墨ing at alanning rate f．rom 67∥g-／m’in 2005 to 1107∥星细’in 2006 tllis was a11

increase of 60．25％．There are heaVy metal gaSes w11ich were identified to have come f如m

active machine industries or carried by saIld sto珊s dusts into B锄al【o city．These heaVy

metals included mainly nickel and Vanadium which are in the atmosphere at concentration of

about 8 to 28∥g／m’．The aVerage concentration ofbenZo(A)pyrene in B锄al【o was about

4．59 ng／m5 compared to Paris w11ich had 4．6 ng／m’in winter waS found t0 be not si蛳ficant．
Most trees aIld Vegetation exaIllined in B锄ako did not show aIly si班ficant air p011ution

ef．fects．Tllis waS because it appeared that soil nutrient d印1etion and pests，diseaSes，向ngi，

and drought seemed t0 affect the plams more than air pollution in the water sta=rved 1ands of

Mali．The damage due to air pollutants on V撕ous mat嘶als in B锄ako city was found to be

moderate f．allout of soot and鲥t on buildings，cars，and clothing and necessitated little cost iIl

clealling．Only a few buildings had ext嘶or paint a圩ects aIld det嘶orated roofing materials．It

was not easy to get infomation of deaths directly caused by air p01lution，but we could

extr印olate丘-0m data in related diseases that there is a si鲥ficant death level among city

dwellers due to air pollution．The effect of锄s has been all increaSe in the deterioration of the

nomlal composition of廿le quality of t11e air in me cit)r aIld its surrouIlding．m this Thesis

proVe that air masses aroulld BaInAko are kⅣe 1irnited amount harm允l gaSes，dust panicles，

few species of liVing rnicroorg嘶sms，an iIlsigIlificant锄∞unt of metaJ．s oxides．Almost no
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synmetic o玛anjc cheInicals can currently adVersely胡Fcct h眦瞄m hedI也and the C时
ecosystems are present iIl me Capital cit)r’s a恤osphere．

The principal sources of pollution in tlle city of Bamako盯e 6．0m th锄al energ)r

pmduction at t11e i11dividual le、rel wIlich includes combustion g舔es岔Dm residential houses

and at me industrial leVel we foulldⅡlat water V印or，illdustrial exhaust gases like fossil mels

(coal，heavy如e1，etc．)are t11e心eat．T11e industrial pollut锄ts are be吨identified aS the

孕eatest co砌butors of pollutant eInissions．The In匈or reaSon beiIlg a11 increaSe in me

demand for themlal energy and laCk aIl es切blished 1egal纳mework to regulate alld trea衄em

waste products．Pollution丘Dm the仃aIlsport sector was shown to be dlle t0 aIl incre2Lse in

f．aulty public Vellicles and personal cars with incomplete en百ne colll_bustion systems．Tllis

maillly caused the eIllissions of 11i仃09en， c酊bon， Sulphllr， lead oxides aIld various

hydrocarbons in me fonner clean air of me ci够．Pollution劬m a鲥cultural activities waS

seen as been Very insignificant in air pollution except i11 cases of u11regulated use of cheIIlicals

in spra)，ing crops．Other如ture t11reats of air hygiene iIl tlle city include g嬲es like Amm011ia，

mem锄e，me protoxide of nitl．09en and the carbon monoxide wllich are maillly f．rom the

decomposition of tlle o玛anic matter aIld the use of maIlure．There are also 1ittle of plant

health products on a large scale W11ich involVes me setting ofsuspeIlded particles in the air．

The Mali goVemment’s has i11itiated meausures t0 evaluate aIld maIlage the小lality of the

锄mient air in Bamako city．IIl conclusion we state t王谢t although the air p011ution in Bamal【o

is not sigllificantly al釉ing at present but if plans to regulate and m01litor me current little

pollution we extrapolate that this deVeloping co咖mi曲t also co删bute to me emission of

黟eenhouse g嬲es w11ich are causing climatic ckmges in me whole planet．Such effects have

been identified to cause upheaVals like nsing of the sea leVel and oceans，potential increase in

the cyclones and sto衄s and global w锄ing．An the air pollutaIlts in this study haVe been

identified to haVe their toll in causiIlg a11 indirect or direct iInpact on human health and haVe

wide reaclling implications in也e national budgets of the deVeloping coulltries in the long nm．

Hence national a11d intematioIlal protocols are supposed t0 be iIllplemented with all sincerity

so that imemational policies call母la啪tee our向ture e删y sun，ival．We also remark that

regular studies should be conducted in other cites and also periodically iIl this I玎匈or c印ital of

Bamako．

7．1 Recom如endations

IIl general，the i位Iustries in Malihave a general regulation order to control pollutions t0

si911ificant 1eVels．They are to con臼ol me eIIlissioIls of atmospheric p01lutallts are committed

t0 reduce and m锄ge their emissions in the 10ng-teml．There are seVeral ways in w11ich

industries are able t0 reduce their iInpact on air quali够iIl theB础o cny and Maliin general．
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Tllis caIl mlude；Introduction of sc九lbbers；SlliRing t0 renewable energy(or 10w Sulph_ur

向e1)；IIl仃0duction of cleaIler tecllIlolog)r；Inlplementation of process equipment challges and

process changes；hnproVement of 0perating practice；E11s嘶ng regular mamenance；锄d

Ensuring maxim啪energy conservation．SeVeral air quality moIlitoring initiatives are

currently unde刑ay in the Noml west ProVince：111is stlldy concludes thm little删tatiVe
data is available to illustrateⅡle state of air qualit)r in me B锄ako city．There is muCh

infomlation on t11e h啪an actiVities taking place in the ci锣tllat may lead to poor air quality，

in the city and s瑚r01mdings．In addition，inf．0n11ation that quantifies the impact of poor air

qllali够in the city is equally limited．

蛐ient air小脚it)r in the B锄ako city is not considered to be a m萄or problem on a

proVincial scale． HoweVer air quali够 in some are嬲 shows signs of deteriora，tion．

Un-rehabilitated觚nes in廿1e Mali contme to pose serious healm thl℃ats to the su盯oullding

commmlities．F眦r remedial actions to alleViate this sitIlation are required．Little is known

about the effects of Vehicular eIllissions，aIld the quaIltities of ozone d印leting substances a11d

孕eellllouse gases emitted in Mali．V撕ous air qlIality InoIlitoring initiatiVes are curfently

undertaken in the ci够．Much of me monjtoring is for Sulpllllr dioxide alld p甜iculate matter．

Several industries i11 the city haVe shown their co删[nitInent to reducing emissions by seeking

to enlplo姐ng’environmentally clean’tecllllology．Non_point sources of pollution(e．g．dust

6．0m f．盯mlands)are dimcult to q啪ti矽．IIldoor air pollution still poses a healtll衄eat t0

tllose indiVid砌s using domestic fossil血els。T量le city should es讪lish a central point for data

collection on erⅣiromnental qllali够，panicularly air quality．TIlis central poiIlt sllould

f犯ilitate sharing of data between indus仃y，tertiary eCIucation fhcilities aIld govemment，for

Ⅱle咖al benefit of all panies．Air quality monitoring ne帆ork needs to be es讪1ished．

Existing monitoriI培sites could be lir呔ed to a new coordinated network to ensure air quaIi够

data is aVailable for劬1lre State of EnVinDIlInent Reports for the cit)r．A scheduled process

da诎ase needs to be compiled，consoli da_ted，updated aIld maIlaged e伍ciently．A1l abandoned

111ines and mine cluInps shouldbe rehabilitated to IIlinimize ttleir poterItial fof pollution：EVe巧

ef-fort should be made t0 ensure that asbestos fibers in the surrounding enViro啪ent are also

cleaned up．心eas of special concem include Villages，schools and other areas仔equented by

villag．e inhabitants． Tailings d暑lllls f而m mally dif．fercnt miIling operations should be

rehabilitated aIld Vegetated to preVent wind-blown dust．Chrome，Vanadi啪，gold alld

platinum smelters in the city should be certified that dust aIld metal V印our collection

tecllllology is ef．fectiVe a11d maintajlling洲ssions within acc印ta_ble 1il】缸ts．Any 901d

processing operations should use the latest cy砌de h龇1dling teclllliques recommended by the

Charnber of Mines to elimiIlate uImecessaury potential toxic eIIlissions to tbe eIⅣir0姗ent．The
Bamako ci够should select air quali够indicators once me National Enviro衄ental砌icators
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Prog姗(DEAT)has been completed．The electrification of homes should be aIl on—going

activity t0 prevent carbon fhel pollution in me next dec鲥le．Din and伊aVel roads should be

paved or ta：rred to rcduce tlle锄ouIlt of particulate matter iIl ce蹦n areas．A comprehensiVe

q唧ltitatiVe assessment of tlle state of air qllalit)r iIl the B锄a：ko city should be conducted

regularly．
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