
A re gional ef fort to har ness the wa ters of
the Sene gal River for hy dro power, ir ri ga -
tion, and trans por ta tion has re sulted in
pro found en vi ron mental changes in the
river ba sin. These en vi ron mental changes
have, in turn, caused se vere health and
gen eral wel fare prob lems for the river
basin’s resi dents. This case study il lus -
trates the com plex re la tion ships that can
un fold be tween peo ple and their en vi ron -
ment as so cie ties work to meet their
grow ing needs for en ergy, ag ri cul tural
pro duc tion, and in dus trial de vel op ment.
Al though many of the harm ful ef fects
were pre dicted be fore the proj ect be gan,
the pro ject’s pur ported bene fits—wa ter
stor age for ir ri ga tion, drought, and do -
mes tic sup ply; elec tri cal power for ur ban
ar eas and in dus try; and a trans por ta tion
chan nel to the sea for land- locked
Mali—were deemed too im por tant to
forgo. Now, years later, the river ba sin
man age ment author ity, na tional min is -
tries in three ri par ian coun tries (Mali,
Mau ri ta nia, and Sene gal), and in ter na -
tional agen cies fi nanc ing the proj ect are
try ing to miti gate some of the most se vere 
prob lems as they con tinue work to re al ize
the pro ject’s po ten tial bene fits.

Back ground

The Sene gal River is the sec ond long est
river in West Af rica (1). Its prin ci pal tribu -
tary, the Baf ing River, rises in the high -
lands of Guinea’s Fouta Djal lon and runs
north into Mali, where it joins the Bakoye
River at Ba fou labe to form the Sene gal
River. From Ba fou labe, the Sene gal River
flows north west through Mali and down
to Kayes, re ceives wa ters from the Faleme
River, and then flows onto the flood plain
start ing at Bakel in Sene gal. For its re -
main ing length from Bakel to the At lan tic
Ocean, the Sene gal River forms the bor der 
be tween Mau ri ta nia to the north and
Sene gal to the south.

The up land ar eas above Bakel, and par -
ticu larly those in Guinea, re ceive 700 to

2,000 mil li me ters of rain fall an nu ally and 
pro vide vir tu ally all of the flow in the
Sene gal River. An nual rain fall be low
Bakel is typi cally be tween 150 and 300
mil li me ters. Tribu tar ies to the Sene gal
River are tem po rary, sea sonal sys tems
that func tion as dis tribu tar ies when flow
is high in the main chan nel. In its natu ral
state, the Sene gal Riv er’s an nual flood in -
un dated ap proxi mately 150,000 hec tares
in an av er age year and up to 350,000 hec -
tares in high- flow years. In the dry sea son, 
fresh wa ter flow stopped in the lower
reaches of the river, and salt wa ter flow
trav el ing up stream cre ated es tu ar ine con -
di tions from the At lan tic coast to Da gana,
ap proxi mately 250 kilo me ters in land.
These con di tions cre ated a natu ral di vi -
sion of the river ba sin into three zones: an 
up per ba sin above Bakel; the mid dle val -
ley from Bakel to Da gana; and the delta,
or lower val ley, from Da gana to the At lan -
tic coast.

Ap proxi mately 2 mil lion peo ple of sev -
eral eth nic groups live in the river ba sin.
The pre domi nant groups are the Malinke
in the up per ba sin, the Son inke around
Bakel, the Pu laar and Mau res in the mid -
dle val ley, and the Wolof in the delta. All
of these groups are agro pas tor al ists, re ly -
ing for their live li hood on a com bi na tion
of ag ri cul ture, small ani mal hus bandry,
and fish ing. Herd ers have his tori cally
trav eled with their cat tle from the val ley
floor in the dry sea son to the ad ja cent Sa -
he lian fringe ar eas in the rainy sea son
and floods.

Be cause of their de pend ence on the
river, resi dents’ for tunes have risen and
fallen through the years in re la tion to the
avail abil ity of wa ter from rain fall and
floods. From 1968 to 1973, the re gion ex -
pe ri enced a pro longed and se vere great
drought that caused ex ten sive fam ine and
fo cused in ter na tional at ten tion on the Sa -
hel re gion.
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De vel op ment Pro jects on
the Sene gal River

Be cause of its size and re gional im por -
tance, the Sene gal River has long been a
tar get for de vel op ment proj ects. There
were two in ter na tional ef forts to de velop
ag ri cul ture, navi ga tion, and hy droe lec tric
proj ects in the four ri par ian states (in -
clud ing Guinea) dur ing the co lo nial pe -
riod in the 1930s and early 1940s. In the
1960s, af ter gain ing in de pend ence, the ri -
par ian coun tries cre ated an Inter- Country 
Com mit tee and a suc ces sor or gani za tion
to pur sue an in te grated de vel op ment pro -
gram for the river ba sin. How ever, most of 
the early at tempts at de vel op ing the riv -
er’s re sources failed, ei ther for tech ni cal
rea sons or be cause of ten sion among the
par tici pat ing states.

In the early 1970s, cir cum stances fi -
nally com bined to fa vor mount ing sev eral
large- scale proj ects. In 1970, a U.N.-spo n -
sored study iden ti fied sev eral po ten tial
sites for hy droe lec tric dams in west ern
Mali and north east ern Guinea. In 1972,
par tially in re sponse to the great drought
and the re sult ing at ten tion from in ter na -
tional agen cies, the gov ern ments of Mali,
Mau ri ta nia, and Sene gal cre ated a re -
gional river ba sin author ity, the Or gani sa -
tion pour la Mise en Va leur du Fleuve
Sene gal (OMVS). Guinea was not in cluded 
in the OMVS be cause of its lack of in ter est 
and ef fec tive par tici pa tion in the ear lier
re gional or gani za tions. The three mem ber 
states of the OMVS thought a re gional or -
gani za tion would be the best way to pri -
ori tize eco nomic ob jec tives for de vel op ing 
re sources in the ba sin, to or gan ize a co op -
era tive ef fort, and to reach agree ment on
com mon re spon si bili ties for fi nanc ing
and man ag ing the ma jor works. Arab oil
states also took an in ter est in fi nanc ing
proj ects on the Sene gal River, a re flec tion
of their pros per ity dur ing the oil boom of
the 1970s and of their de sire to as sist
other mem bers of the Is lamic com mu nity
and in crease Is lamic eco nomic and cul -
tural in flu ence in the re gion.

The OMVS mem bers de vel oped an in te -
grated plan for de vel op ment of the Sene -
gal River, de signed to stimu late eco nomic

growth in the three mem ber coun tries
and to mod er ate the ef fects of drought on
peo ple liv ing in the ba sin. The plan had
six com po nents:

● an up land hy droe lec tric dam on the
Baf ing River at Man an tali, Mali, for wa -
ter stor age and power pro duc tion;

● a low land dam on the Sene gal River
near Diama, Sene gal, to limit salt wa ter
in tru sion, regu late wa ter lev els in the
mid dle val ley, and store wa ter for do -
mes tic wa ter sup plies; 

● fa cili ties and con di tions (i.e., locks,
chan nel dredg ing, and water- level
man age ment) to en sure navi ga bil ity
from the At lan tic coast at Saint- Louis,
Sene gal, to Kayes, Mali;

● ir ri ga tion proj ects and ag ri cul tural de -
vel op ment in the mid dle and lower val -
ley;

● ur ban wa ter sup plies us ing the res er -
voir cre ated by Diama Dam; and

● de vel op ment of agro in dus try.

The OMVS was given di rect author ity
for build ing and op er at ing the two dams
and re spon si bil ity for de vel op ing the
navi ga tion proj ect. The mem ber states re -
tained re spon si bil ity for de vel op ing ir ri -
ga tion, wa ter sup ply, and agro in dus trial
proj ects within their own ter ri to ries. 

Po liti cally, the ma jor sell ing points of
the plan were that it would lessen the im -
pact of fu ture droughts and help close the
food gap that was emerg ing as rapid
popu la tion growth out paced do mes tic
food pro duc tion. The OMVS was di rected
to man age the riv er’s wa ter re sources to
achieve two ob jec tives that re lated pri -
mar ily to ag ri cul ture: first, to re duce the
large sea sonal and an nual fluc tua tions in
wa ter avail abil ity; and sec ond, to con trol
flood ing so that land in the val ley could
be de vel oped for ir ri gated ag ri cul ture.
Sene gal and Mau ri ta nia would re al ize
most of the bene fits from meet ing these
ob jec tives: of the 375,000 hec tares of land
that were to be de vel oped for ir ri ga tion,
all but 9,000 hec tares were in these two
coun tries. The hy dro power and navi ga -
tion com po nents were in cluded in the
plan pri mar ily to meet Mali’s in ter ests.

The ex pec ta tions of mu tual bene fit and
ac cel er ated de vel op ment, cou pled with
the cri sis con di tions cre ated by the great
drought and re al is tic pros pects of in ter -
na tional fi nanc ing, en abled the three
coun tries to over come en trenched sus pi -
cions and pro ceed with the proj ect. The
three mem ber states have main tained a
level of co op era tion suf fi cient to com plete 
con struc tion of both dams. Diama Dam
was com pleted and be gan stor ing wa ter in 
1986. The res er voir be hind Man an tali
Dam be gan fill ing in 1987 and reached
spill way level in 1991. Other por tions of
the plan have de vel oped more slowly than
first en vi sioned. Ir ri ga tion proj ects have
been com pleted in the mid dle val ley, and
rice and sugar cane pro duc tion have in -
creased, al though not as rap idly as origi -
nally pre dicted. Fi nanc ing was re cently
ar ranged for the hy dro power com po nent,
which in volves in stal la tion of tur bines
and gen era tors at Man an tali Dam and
build ing trans mis sion lines to the three
capi tals (Da kar, Nouak chott, and Ba -
mako) and sev eral points in the ba sin.
Plans for the navi ga tion com po nent have
been modi fied to re flect more re al is tic
wa ter man age ment con di tions, ship ping
sys tems, and as so ci ated de vel op ment of
sea and river ports. Some crit ics main tain 
that the navi ga tion proj ect is still un re al -
is tic and will likely never be built. Plans
are be ing de vel oped for wa ter sup ply proj -
ects in Sene gal. Most re cently, a small
amount of in dus trial de vel op ment has oc -
curred in the val ley, pri mar ily con nected
with the ag ri cul tural sec tor.

 Al though the OMVS has im ple mented
por tions of its de vel op ment plan, the proj -
ects have not yet gen er ated sub stan tial
eco nomic bene fits for the mem ber states.
Ag ri cul tural de vel op ment has pro ceeded
more slowly than ex pected, in part be -
cause of in ap pro pri ate plans for ir ri ga tion 
proj ects, low yields be ing ex pe ri enced in
ex ist ing proj ects, and (un til re cently) cen -
tral ized con trol over ag ri cul tural plan -
ning, pro duc tion, dis tri bu tion, and mar -
ket ing. The power and navi ga tion proj ects 
have not yet been im ple mented. There is
some ques tion whether the full plan, even
if com pleted, will ever gen er ate the level
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of eco nomic bene fit origi nally pre dicted.
The Sene gal River dams were ini ti ated in
a global eco nomic cli mate that fa vored
large de vel op ment proj ects and a po liti cal 
cli mate in which the ma jor do nors ex -
erted lit tle in flu ence—too lit tle, main tain
some crit ics—over proj ect plan ning and
im ple men ta tion (2)(3)(4).

What ever bal ance may even tu ally be re -
al ized be tween the eco nomic bene fits and
costs of the proj ects for the re gion and for 
each coun try, it is also im por tant to con -
sider the dis tri bu tion of those costs and
bene fits and, par ticu larly, the situa tion of
peo ple most di rectly af fected by the proj -
ects— those liv ing in the river ba sin. The
com pleted proj ects and the OMVS’ prac -
tices to date in man ag ing wa ter lev els in
the ba sin have pro vided few bene fits and
se ri ous nega tive con se quences for the
basin’s resi dents—some an tici pated, and
some un an tici pated. The eco logi cal,
health, and so cial con se quences will be
ex plored in the fol low ing sec tions.

Eco sys tem Changes in the
Sene gal River Ba sin
The Man an tali and Diama dams have
changed the river ba sin eco sys tem in sev -
eral ob vi ous and pro found ways. The an -
nual flood has been re duced sub stan tially, 
be cause the flow from the Baf ing River
has been im pounded at Man an tali Dam.
The amount of wa ter avail able from other
tribu tar ies is con sid era bly less than that
from the Baf ing River. Wa ter has been re -
leased from Man an tali Dam to pro vide a
man aged flood every year since 1987. Un -
for tu nately, the vol ume of wa ter re leased
each year has been far less than would
have been avail able un der natu ral con di -
tions. And dur ing sev eral years, the pe -
riod cho sen for a wa ter re lease was poorly 
timed.

The Sene gal River now flows year-
 round. The re gion above Diama Dam is
now a sta ble fresh wa ter lake and no
longer shifts to es tu ar ine con di tions dur -
ing the dry sea son. The area be low Diama
Dam now has a rela tively con stant es tu ar -
ine status, as op posed to the pre vi ous
shifts be tween fresh wa ter and es tu ar ine

con di tions that oc curred as a re sult of
high fresh wa ter flows in the flood sea son
and low- to- nonexistent fresh wa ter flows
in the dry sea son. The shore line is in -
creas ing as ir ri ga tion ca nals are de vel -
oped. Weeds and grasses char ac ter is tic of
a fresh wa ter lake are grow ing along the
banks of the river and ca nals from Diama
Dam to Da gana and could even tu ally
reach an other 100 kilo me ters in land to
Bo gué. The vege ta tion, par tially sub -
merged along the riv er’s edge, is fa vor able
habi tat for the snails that carry schis to -
somia sis; in creas ing vege ta tion is the pri -
mary cause of the grow ing dis ease prob -
lem among the popu la tion of the lower
ba sin.

The changes in aquatic habi tat and the
physi cal bar rier of Diama Dam have
greatly af fected fish er ies in the lower val -
ley, delta, and coastal wa ters. Be fore the
dams were built, the sedi ments car ried by
the an nual flood were an im por tant
source of nu tri ents for coastal fish er ies,
and the flood plains in the up per delta
were spawn ing and feed ing grounds for
salt wa ter and fresh wa ter spe cies. A ma jor
coastal fish ing in dus try was cen tered
around Saint- Louis, and fish were an im -
por tant source of pro tein for peo ple liv ing 
in the val ley. Al though the pro longed
drought had al ready re duced an nual
catches in the val ley be fore the dams were 
built, a study in 1994 con cluded that the
dams have gen er ally had a det ri men tal ef -
fect on fish pro duc tion both in the val ley
and in the up per part of the delta. Peo ple
liv ing in the val ley main tain that fish con -
sump tion has de creased since 1988. They
say that the fish now con sumed are al -
most ex clu sively salt wa ter spe cies,
trucked in from the Sene gal ese and Mau -
ri ta nian coastal ar eas.

Above Man an tali Dam, a large, deep
fresh wa ter lake now ex ists in what was
pre vi ously a for ested val ley. The dam was
de signed to store 11 bil lion cu bic me ters
of wa ter, enough to sup ply 2 years’ flow
dur ing a drought. The sur face of Lake
Man an tali now cov ers 447 square kilo me -
ters; its shore line is ap proxi mately 150
kilo me ters, and it is 65 me ters deep at the
dam. Stud ies con ducted be fore the dams

were built pre dicted that fish popu la tions
would in crease in the lake be hind Man an -
tali Dam (sta bi liz ing at around 3,000 met -
ric tons an nual pro duc tion) and de crease
be low the dam (5). Al though the fish
popu la tion in Lake Man an tali did in -
crease af ter the res er voir was filled, the
an nual catch has never reached pre dicted
lev els and has fallen sharply in sub se -
quent years, to 420 met ric tons in 1991
and 285 met ric tons in 1993. The de -
creased catch re flects in part the tech -
niques and equip ment used by the fish er -
man, who were ac cus tomed to fish ing in
riv ers rather than in a deep lake, and also
the move ment of peo ple away from the
area.

En vi ron men tal Changes
and Health Prob lems
Peo ple liv ing in the Sene gal River ba sin
have long suf fered from schis to somia sis,
ma laria, and other in fec tious and vector-
 borne dis eases en demic in large ar eas of
sub- Saharan Af rica. Be fore dams were
con structed, mal nu tri tion was wide -
spread in the val ley, and in fant and child
mor tal ity rates were high, es pe cially dur -
ing the ex tended drought. The de vel op -
ment plan en dorsed by the mem ber states 
of the OMVS pre dicted that resi dents’
well- being would im prove as ag ri cul ture
and trans por ta tion ex panded and peo ple
had more in come and greater ac cess to
food, wa ter, and health care.

The re al ity has been dif fer ent. Ag ri cul -
ture is de vel op ing, but more slowly than
an tici pated and in a man ner that
stretches the fi nan cial and hu man re -
sources of ex ist ing land hold ers. Trans por -
ta tion has not im proved. Al though some
in di ca tors of health have im proved in the
re gion, health risks from cer tain dis -
eases—most no ta bly schis to somia sis, di -
ar rheal dis eases, and ma laria—have in -
creased, in some cases dra mati cally. The
net im pact of the Sene gal River de vel op -
ment proj ects on peo ple’s health has
clearly been nega tive to this point.
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SCHIS TO SOMIA SIS

Schis to somia sis re sults from in fec tion by
spe cies of the tre ma tode Schis to soma. The 
para site has a com plex life cy cle with a
stage that in fects fresh wa ter snails, which
then re lease lar vae into the wa ter. Hu mans 
come into con tact with the lar vae when
they wade in shal low wa ters (for ex am ple,
when col lect ing wa ter, wash ing clothes, or, 
for chil dren, play ing); they be come in -
fected when lar vae pene trate the skin.
Lar vae mi grate through the host’s cir cu la -
tory sys tem and lungs while de vel op ing
into ma ture male and fe male worms; they
even tu ally mi grate to blood ves sels in the
ab do men and form per ma nent re pro duc -
tive pairs, af ter which the fe males may
pro duce large num bers of eggs for many
years.

There are two main spe cies of Schis to -
soma that in fect hu mans in Af rica; they
rely on dif fer ent snail hosts, set tle in dif -
fer ent tis sues of their hu man hosts, and
pro duce dif fer ent forms of the dis ease. S.
man soni set tle in blood ves sels near the
liver or in tes tines and cause in tes ti nal
schis to somia sis; S. hae ma to bium set tle
near the blad der and cause uri nary schis -
to somia sis. The se ver ity of the dis ease in
each in di vid ual de pends on the po si tion
and size of the egg load and the host’s cel -
lu lar re sponse to it. In tes ti nal schis to -
somia sis causes di ar rhea and bloody
stools in mod er ate cases and, in heavy in -
fec tions, per ma nent or gan dam age that
can lead to death. Uri nary schis to somia sis 
causes blood in the urine; se vere cases in -
volve se ri ous dam age to the uri nary tract,
some times lead ing to blad der can cer.

Be fore 1986, uri nary schis to somia sis
was en demic in the Sene gal River ba sin,
with rela tively low rates of in fec tion in the 
lower val ley and mod er ate to high rates in 
the mid dle and up per val leys. Since the
con struc tion of Diama Dam, the snail
hosts of S. hae ma to bium have ex tended
their range and in creased their number in 
the lower val ley, es pe cially along the
Lamp sar River (a south ern branch of the
Sene gal River in Sene gal). In fec tion rates
in hu mans have also in creased. A 1994
sur vey found the preva lence of uri nary
schis to somia sis was mod er ate (11 to 12

per cent) among school chil dren sur veyed
along the Mau ri ta nian shore of the Sene -
gal River at Rosso, Bagh dad, and Jidrel
Moghuen. That year, the snail host was
found for the first time in the Taouey ca -
nal in Sene gal, near its out fall to Lake
Guiers. There was no evi dence at that time 
of in fec tion among school chil dren in
Mbane, a town on the east ern shore of the
lake, al though the pres ence of the snail
host sug gests that fu ture in creases in dis -
ease rates in this area are pos si ble.

The net im pact of the Sene gal 

River de vel op ment proj ects

on peo ple’s health has clearly

been nega tive to this point.

In the up per val ley around Lake Man -
an tali, the preva lence of uri nary schis to -
somia sis was high (69 to 95 per cent) in
sev eral lake shore vil lages and in a vil lage
just down stream of the dam, ac cord ing to
the 1994 sur vey. Preva lence de creased
with greater dis tance from the dam (to 49
per cent and 7 per cent in two vil lages fur -
ther down stream). In at least one place in
the mid dle val ley, in the ir ri ga tion proj -
ects around the Foum Gleita Dam in Mau -
ri ta nia, the preva lence of uri nary schis to -
somia sis has been re duced to less than 5
per cent by a com bi na tion of miti ga tion
meas ures and natu ral con di tions. The
former in cludes switch ing from rice to
other crops on some of the land and keep -
ing ir ri ga tion ca nals free of weeds. These
ef forts are aided by the natu rally flat ter -
rain of the lake bed be hind the dam,
which re sults in large fluc tua tions in the
lo ca tion of the wa ter line along the shore
as wa ter lev els fluc tu ate in the lake. These
fluc tua tions dis turb the growth of mar -
ginal vege ta tion along the lake shore and
re duce the amount of fa vor able habi tat for 
snails.

The most dra matic health im pact of the 
Diama and Man an tali dams and the new
wa ter man age ment re gime has been the
in tro duc tion and rapid spread of in tes ti -

nal schis to somia sis in the lower val ley.
Be fore 1986, S. man soni was not pres ent in 
the lower and mid dle val leys and had
been re ported at only a few lo ca tions in
the up per val ley. In 1988, soon af ter the
com ple tion of Diama Dam, a new fo cus of
in tes ti nal schis to somia sis was re ported in 
a sugar cane proj ect area in Richard- Toll,
on the Sene gal side of the river. Preva -
lence reached epi demic lev els the fol low -
ing year in Richard- Toll and, by 1993, had
climbed to nearly 100 per cent in the
nearby vil lage of Ndombo and 70 per cent
in Ngnith, a vil lage on Lake Guiers. In
1994, dis ease preva lence was 82 per cent
among school chil dren at Mbane on Lake
Guiers and 47 per cent at Da gana, the east -
ern most bound ary of Lake Diama. These
Sene gal ese chil dren had heavy in fec tions
with very high egg counts.

In the Mau ri ta nian por tion of the lower 
val ley, in tes ti nal schis to somia sis was first
re ported in 1994 with preva lence rates of
25 to 32 per cent in chil dren in three towns 
from Rosso to Jidrel Moghuen; these chil -
dren had in fec tions of light to mod er ate
se ver ity. How ever, the snail host of S. man -
soni was found in large num bers with
high in fec tion rates along the Mau ri ta -
nian shore of the Sene gal River and
spread ing north ward into the Ga rak ca nal 
at Tougene and the So kam ca nal near
Lake Rkiz. These find ings sug gest that the 
ex tent and in ten sity of the epi demic will
likely in crease in Mau ri ta nia, pos si bly fol -
low ing the same course as in Sene gal.

As of 1994, the prob lem with in tes ti nal
schis to somia sis had not ex tended into the 
mid dle val ley and had not in creased
greatly in the up per val ley. Un der the cur -
rent op er at ing re gime, Lake Diama ends
at Da gana; above Da gana, the Sene gal
River is still within its origi nal banks.
There is lit tle or no growth of mar ginal
weeds in this re gion and, there fore, no
habi tat for the snails.

The in tro duc tion of in tes ti nal schis to -
somia sis and the in creases in uri nary
schis to somia sis are due to a com bi na tion
of hu man fac tors. First, Diama Dam
elimi nated salt wa ter in tru sion into the
lower river and main tained nearly con -
stant wa ter lev els, cre at ing con di tions fa -
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vor ing the growth of mar ginal vege ta tion
along the river edges and the spread of
the snail hosts of Schis to soma spe cies.
Sec ond, S. man soni was proba bly in tro -
duced to the lower val ley by peo ple mi -
grat ing into the re gion, pos si bly from the
up per val ley. Popu la tion in the re gion has
in creased rap idly, es pe cially around the
ir ri ga tion proj ects at Richard- Toll, as peo -
ple move there to take ad van tage of new
jobs. Wa ter sup ply and sani ta tion fa cili -
ties have not kept up with this rapid
growth. As a re sult, the in creased con -
tami na tion of sur face wa ters, and their
greater use by resi dents, has con trib uted
to higher trans mis sion rates for schis to -
somia sis and in creased risks for other wa -
ter borne dis eases as well. The in creased
preva lence of uri nary schis to somia sis
around Lake Man an tali—as well as the
in creased number of the type of snails as -
so ci ated with in tes ti nal schis to somia -
sis—are due to the year- round pres ence
of wa ter in the lake and its nearly con -
stant wa ter level.

RIFT VAL LEY FE VER

Rift Val ley Fe ver is a mosquito- borne vi -
ral dis ease that is most of ten be nign in
hu mans but can oc ca sion ally lead to
blind ness, en cepha li tis, and fa tal hem or -
rhagic fe ver. Epi dem ics are com mon in
live stock and can cause high rates of still -
births and abor tions. The vi rus is trans -
mit ted to hu mans by bit ing in sects (mos -
qui toes, sand flies, and, pos si bly, ticks) or
by di rect con tact with blood or or gans of
in fected ani mals af ter slaugh ter.

An out break of Rift Val ley Fe ver oc -
curred near Rosso, Mau ri ta nia, in 1987
soon af ter the com ple tion of Diama Dam
and the ini tial fill ing of Lake Diama. It be -
gan dur ing the rainy sea son in pas tor al ist
groups in Mau ri ta nia and spread to
Rosso, even tu ally ap pear ing on both sides 
of the river. The out break was the first
known epi demic of Rift Val ley Fe ver in
hu mans west of Uganda and re port edly
killed more than 200 peo ple (6). The dis -
ease had been ob served only once be fore
in epi demic form in hu mans, in Egypt in
1977 near the As wan High Dam on the
Nile River. Al though the ex act eco logi cal

con di tions con du cive to rapid trans mis -
sion of Rift Val ley Fe ver re main un clear,
the ini tial fill ing of a nearby res er voir
may be a fac tor, since this was a com mon
con di tion in the events at As wan in 1977
and Mau ri ta nia in 1987 (7). Fill ing the
Diama res er voir cre ated more stand ing
wa ter—a lo ca tion pre ferred by the Ae des
mos quito, the prob able vec tor of Rift Val -
ley Fe ver in Mau ri ta nia (8).

The po ten tial for such an out break in
the Sene gal River ba sin had been iden ti -
fied in pre- dam con struc tion health as -
sess ments in 1980, 1984, and just be fore
the on set of the rainy sea son in 1987 (9).
De spite these warn ings, authori ties in the
ba sin did not take nec es sary pre cau tions
to pre vent an out break.

MA LARIA

Ma laria oc curs in most parts of the Sene -
gal River ba sin. Most re ported cases are
due to ma laria tropica (Plas mo dium fal ci -
pa rum), which can cause se vere dis ease
and death. The risk of in fec tion is greater
in the up per val ley than in the lower ar eas 
be cause the rainy sea son is longer and the 
amount of rain fall is higher, cre at ing bet -
ter con di tions for the mos quito vec tor
(Anophe les  spe cies). Fal ci pa rum ma laria
has be come a se ri ous con cern in Af rica
be cause of the para site’s grow ing re sis -
tance to an ti ma lar ial drugs.

Evi dence is con flict ing re gard ing
whether the new wa ter man age ment re -
gime on the Sene gal River and the ex pan -
sion of ir ri gated ar eas in the lower val ley
are caus ing an in crease in ma laria in fec -
tion rates. Re li able evi dence shows that A.
gam biae popu la tion den si ties have in -
creased dur ing the rainy sea son (August
to De cem ber) in the mid dle val ley, and
that ma laria trans mis sion is con tinu ing
later into the dry sea son (De cem ber to
April). Rou tine sur veil lance data from
health serv ice fa cili ties in Rosso,
Richard- Toll, and Po dor re flect an over all
in crease in the number of ma laria cases,
al though most of the re ported cases were
not con firmed by mi cro scopic analy sis. In 
con trast, lon gi tu di nal stud ies con ducted
in the delta re gion at Kasak- Nord and the
mid dle val ley at Po dor, and an un pub -

lished study per formed in 1991 by the
OMVS through out the ba sin, do not show
in creased ma laria.

MAL NU TRI TION

Mal nu tri tion has been wide spread in the
Sene gal River val ley for a long time; it was 
par ticu larly se vere dur ing the droughts
be fore con struc tion of the dams. The
Sene gal River de vel op ment proj ects were
ex pected to im prove the nu tri tional status 
of val ley resi dents as ir ri gated ag ri cul ture 
cata lyzed eco nomic de vel op ment and
brought sig nifi cant im prove ments in peo -
ples’ so cio eco nomic status, giv ing them
more in come to spend on nu tri tion and
health. Al though the situa tion is com plex
and no authori ta tive stud ies ex ist with
which to com pare nu tri tional status be -
fore and af ter dam con struc tion, the avail -
able in for ma tion sug gests that over all, the 
qual ity of peo ples’ diet and their nu tri -
tional status have not im proved sig nifi -
cantly, and may have de clined, since con -
struc tion of the dams.

Be fore the dams were built, val ley resi -
dents grew and con sumed a wide va ri ety
of food crops grown in fam ily plots and
small fields in the riv er’s flood plain. Con -
struc tion of the dams, in ter rup tion of the
an nual flood, and ex pan sion of ir ri ga tion
proj ects has re duced tra di tional ag ri cul -
ture and has in creased rice and sugar
cane cul ti va tion. In the lower and mid dle
val ley, resi dents’ di ets now ap pear to in -
clude more rice, a smaller va ri ety of vege -
ta bles in most vil lages, and lower con -
sump tion of meat, dairy prod ucts, and
fresh wa ter fish. This change may re flect
the fi nan cial strain on fam ily re sources
caused by low rice yields and farm ers’ at -
tempts to grow two crops of rice each year, 
and also the re duced live stock pro duc tion 
and fish catch in the val ley. For rice-
 producing fami lies, rice is the pre domi -
nant food in the diet and is usu ally eaten
at least once or twice a day. Rice is less nu -
tri tious than mil let and sor ghum, which
used to be sta ples in the diet but are now
more dif fi cult to find in the mar kets.

Sev eral stud ies of nu tri tional status in
towns along the Sene gal ese shore of the
Sene gal River in 1990–91 found the
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preva lence of chronic mal nu tri tion in
chil dren at lev els be tween 20 per cent and
36 per cent. One study con cluded that lev -
els of mal nu tri tion ob served in 1992 were
com pa ra ble to those in 1983, be fore con -
struc tion of the dams (10). The same study 
found the preva lence of nu tri tional stunt -
ing to be 22 per cent and wast ing to be 11
per cent in 1990 among chil dren aged 0 to
5 years old, with some what lower lev els
ob served in 1992 (16 per cent and 5 per -
cent, re spec tively). On the Mau ri ta nian
side of the river, a 1986 study in the Trarza 
dis trict (around Rosso) found chronic
mal nu tri tion to ex ist among 25 per cent of
chil dren younger than 5 years of age. In a
1994 study, rates of chronic mal nu tri tion
among chil dren in the same re gion were
es ti mated at 36 per cent, with 11 per cent of 
chil dren show ing evi dence of nu tri tional
wast ing.

DI AR RHEAL DIS EASES

Changes in wa ter man age ment prac tices
and vol un tary mi gra tion into the lower
val ley have af fected the rates of di ar rheal
dis eases in ba sin resi dents. De vel op ment
plans for the re gion called for im prove -
ments in wa ter sup ply, sani ta tion, and
health serv ices, but few im prove ments
have been made to date.

In the lower val ley, mod est im prove -
ments have been in suf fi cient to deal with
popu la tion move ments. In Richard- Toll,
an in flux of work ers to serve the sugar
cane in dus try added an ad di tional 50,000
peo ple to the popu la tion, over whelm ing
im prove ments in the town’s wa ter sup ply
and sani ta tion fa cili ties. There is an in -
creased risk of chol era and other wa ter -
borne dis eases in the Richard- Toll area,
and there was a chol era epi demic near
Rosso, Mau ri ta nia, in 1987. Be cause fu -
ture im prove ments to the wa ter sup ply
sys tems of Da kar and Saint- Louis will
draw on wa ter from Lake Diama and Lake 
Guiers, the qual ity of those wa ter bod ies
may soon af fect these large popu la tion
cen ters as well. 

In the mid dle val ley, the regu la tion of
wa ter lev els in the river has al lowed the
de vel op ment of wind- powered wa ter
pumps. These pumps draw wa ter from aq -

ui fers bor der ing the river, re sult ing in an
im prove ment of wa ter sup plies for these
vil lages. Fur ther away from the river, how -
ever, the ab sence of the an nual flood has
in ter rupted the pre vi ous cy cle of aq ui fer
re charg ing, re sult ing in a grad ual de cline
in the wa ter ta ble and re duced wa ter
avail abil ity. The re sult has been a rise in
the re ported rates of di ar rheal dis ease.
Along the river in the up per val ley, di ar -
rheal dis ease has con tin ued to be a se vere
prob lem de spite regu la tion of the river,
and health authori ties in Kayes, Mali, re -
port that con di tions have wors ened.

So cial Changes and 
Con flict
The en vi ron mental and health changes
seen in the Sene gal River ba sin have not
hap pened in iso la tion; the change in wa -
ter man age ment and the growth of ir ri -
gated ag ri cul ture have also brought
broad- based so cial changes, in clud ing
ten sions be tween pas tor al ists and farm ers 
and among eth nic groups as well. The
dam proj ects re sulted in the re lo ca tion of
roughly 10,000 peo ple in more than 40
vil lages and ham lets in Mali. The Mal ian
gov ern ment, the U.S. Agency for In ter na -
tional De vel op ment (USAID), and the
World Health Or gani za tion moved these
popu la tions from the area in un dated by
the Man an tali Dam and re set tled them in
new sites on the pla teau above the lake
and down stream along the Baf ing River.
One year af ter be ing re set tled, vil lag ers
re ported in a 1989 USAID study that they
had in suf fi cient land for cul ti va tion and
graz ing and in suf fi cient wa ter for gar den -
ing. Hous ing and per sonal wa ter sup plies
were con sid ered ade quate at that time, be -
cause the ad di tional ex ter nal fund ing that 
ac com pa nied the dam proj ects en sured
that these ba sic items were sup plied to the 
dis placed popu la tions. Health prob lems
are com mon in re set tled popu la tions, and
in creases in di ar rheal ill nesses and al ler -
gies, a mea sles epi demic, and an out break
of live stock dis ease were re ported among
some of the re set tled vil lages. Some
health in di ca tors did im prove for the resi -
dents of some re set tled vil lages, where

resi dents had been guar an teed health cen -
ters and one wa ter point for every 100 in -
habi tants. Two years af ter their dis place -
ment, resi dents con tin ued to re ceive
ad di tional sup port, such as sup ple men tal
nu tri tion pro grams funded by the do nor
gov ern ments.

Tra di tional sys tems of live stock pro -
duc tion have been al tered in the mid dle
val ley. Con struc tion of the dams was ex -
pected to fos ter an in crease in live stock
pro duc tion, but herd ers have had to cope
with a de crease in pas ture land due to the
per sis tent drought, the re duc tion in the
an nual flood, and the ex pan sion of ir ri -
gated land. The in creased dif fi culty of
gain ing ac cess to the river for wa ter ing
ani mals and the re duc tion in graz ing land 
has led to ten sions be tween pas tor al ists
and farm ers.

The de vel op ment of ir ri ga tion along the
Sene gal River also dis turbed pat terns of
land use and land ten ure, ex ac er bat ing eth -
nic con flict among groups in the re gion.
Tens of thou sands of peo ple lost their
prop erty rights, and mas sa cres oc curred in 
both Mau ri ta nia and Sene gal (11).

Look ing For ward
Dam build ing will con tinue to be an im -
por tant ele ment of eco nomic de vel op -
ment plans in many coun tries. The po ten -
tial bene fits for ag ri cul ture, wa ter sup ply,
power pro duc tion, trans por ta tion, in dus -
trial de vel op ment, and flood con trol are
ob vi ous and de sir able. Given this ex pec ta -
tion, what les sons can be drawn from the
ex pe ri ence of Mali, Mau ri ta nia, and Sene -
gal in de vel op ing the Sene gal River?

This case study il lus trates the many
sec on dary im pacts that a dam proj ect
may have on the health, live li hood, so cial
struc ture, and gen eral wel fare of peo ple
liv ing in the area. Many of these im pacts
can be pre dicted—in deed, most of the
im pacts of the Sene gal River dams were
pre dicted in pre con struc tion stud ies.

If many of the nega tive im pacts of the
Sene gal River dams were pre dicted, then
why were they not avoided? The an swer is
com pli cated. First, the fi nanc ing con sor -
tium could have re quired changes in the
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pro ject’s de sign but did not. The fi nanc ing 
agree ments for the dams were reached in
the late 1970s, at a time when most par -
tici pants were not es pe cially sen si tive to
en vi ron mental im pacts and, in any case,
were ea ger to par tici pate in the proj ect
and would not have been in clined to force
changes to which the bor row ing coun tries 
ob jected.

Sec ond, the peo ple who have been hurt
by the proj ect lack po liti cal power and
were not rep re sented ef fec tively ei ther in
the proj ect de sign or in its op era tion.
Meas ures that would have re duced the
pro ject’s nega tive im pacts on val ley resi -
dents were not im ple mented be cause they 
were per ceived to be ad verse to the pro -
ject’s ob jec tives. In the Sene gal River ba -
sin, more at ten tion should have been paid
to how bene fits and costs would be dis -
trib uted among vari ous groups. Gen er ally 
speak ing, even when the over all bal ance
of bene fits to risks is posi tive and a proj -
ect is jus ti fi able at the level of na tional in -
ter est, the dis tri bu tion of bene fits and
costs may be quite un fair. This situa tion
was cer tainly ap par ent with the Sene gal
River dams proj ect. The bene fits of the
proj ect—in come from ir ri gated ag ri cul -
ture and elec tri cal power from Man an tali
Dam—will be en joyed pri mar ily by the
peo ple liv ing in the capi tal cit ies, while
peo ple liv ing in the val ley pay the price
for the proj ect in terms of poorer health,
changed live li hoods, re lo ca tion, and dis -
rupted so cial re la tion ships. 

Third, even if the OMVS had the po liti -
cal will to re duce the nega tive im pacts re -
sult ing from con struc tion of the Sene gal
River dams, the or gani za tion does not
have the tech ni cal ca pa bil ity to do so.
Many of the nega tive im pacts could be re -
duced even now by mak ing op era tional
changes in the proj ect. For ex am ple, more
wa ter could be re leased to re store an an -
nual flood. Planned varia tions in the wa -
ter lev els of Lake Man an tali and Lake
Diama could be used to con trol snail
popu la tions and re duce the spread of
schis to somia sis. Yet, if the OMVS were to
de cide that such meas ures have merit, it

would need greater ca pa bili ties in terms
of wa ter re source mod el ing, plan ning, and 
op era tions; genu ine ex per tise in other
dis ci plines (e.g., health and so cial sci -
ences); and im proved mecha nisms for
com mu ni cat ing with na tional agen cies of
its mem ber states.

The ex pe ri ence with the Sene gal River
dams, there fore, points to at least the fol -
low ing five les sons:

● More ef fort is needed to evalu ate the en -
vi ron mental, health, and so cial im -
pacts of dams sys tem ati cally in or der
to pre dict their var ied im pacts more ac -
cu rately and with greater cer tainty.

● The de sign re views and evalua tions
con ducted by in ter na tional fund ing
agen cies rep re sent a criti cal junc ture at
which to make modi fi ca tions that
would re duce nega tive im pacts.

● Dam proj ects should in clude fund ing
for meas ures needed to miti gate their
en vi ron mental, health, and so cial im -
pacts as an in te gral part of the proj ect.

● In sti tu tional ar range ments cre ated for
man ag ing such proj ects should in clude 
rep re sen ta tives of af fected popu la tions
in po si tions of real author ity.

● These in sti tu tions need fund ing and
tech ni cal as sis tance to de velop ade -
quate tech ni cal ca pac ity and a mul ti -
dis ci plin ary staff that un der stands and 
can ad dress the broad range of po ten -
tial nega tive im pacts.

There is some hope that con di tions will
im prove in the Sene gal River val ley as a
re sult of in ter na tional at ten tion to the
prob lems. An in ter na tional con sor tium
has re cently con cluded ne go tia tions with
the OMVS for the pur chase and in stal la -
tion of tur bines and hy droe lec tric gen era -
tors at Man an tali Dam and power dis tri -
bu tion lines from Man an tali to the
na tional capi tals and sev eral lo ca tions in
the val ley. The proj ect in cludes fund ing
for a study of al ter na tive wa ter man age -
ment re gimes at Man an tali Dam and, spe -
cifi cally, for evalu at ing op tions for ma -
nipu lat ing wa ter lev els to re duce

schis to somia sis trans mis sion and other
im pacts. The World Bank, which is a
mem ber of the power proj ect con sor tium,
is also de vel op ing health sec tor proj ects
in Sene gal and Mau ri ta nia that will im -
prove health serv ices and dis ease sur veil -
lance. The World Bank is also de vel op ing
wa ter sup ply and sani ta tion proj ects in
Sene gal that will im prove fa cili ties and re -
duce the popu la tion’s ex po sure to schis to -
somia sis. 
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No country better typifies the confluence
of trends discussed in this report—nor
the challenges they pose to environmental
quality and public health—than does
modern China. Since the economic re-
forms of 1978, China has experienced dra-
matic industrialization and rising energy
use against a backdrop of population
growth and unprecedented urbanization.
China’s astounding industrial growth over
the past two decades has created a coun-
try poised to become a major economic
power in the 21st Century. Per capita,
China is still one of the world’s poorest
countries, yet the future looks promis-
ing—incomes are rising, poverty rates are
falling, and life expectancy is up. Yet,
along with these gains, China is grappling
with some of the most serious environ-

mental problems on the planet, which in
turn could prevent China from sustaining
high levels of economic growth in the
coming decades.

Recognizing the urgency of these prob-
lems, the Chinese Government has en-
dorsed a suite of policies to curb air and
water pollution. The extent to which these
policies are successful has direct bearing
on not only the health of the Chinese peo-
ple and the local environment but the
global environment as well.

Encompassing a geographically vast
area with a number of distinct ecological
zones, China extends from the massive
and sparsely populated Gobi Desert and
the mountains of the southwestern Hima-
layas to the densely inhabited valleys of
the eastern coast. As the world’s most

populous country, with more than 1.2 bil-
lion people, China’s economic growth is
the fastest and most sustained of any ma-
jor country in the world, rising an average
of 10 percent annually over more than a
decade (1). In fact, some autonomous re-
gions in the golden southeastern coastal
zones have grown nearly 20 percent annu-
ally, doubling in less than 4 years (2).

Industry is China’s largest productive
sector, accounting for 48 percent of its
gross domestic product (GDP) and em-
ploying 15 percent of the country’s total
labor force (3). In the 1990s, the output of
China’s 10 million industrial enterprises
has increased by 18 percent annually (4).
Without a doubt, Chinese industry is
largely responsible for lifting many mil-
lions of people out of poverty. It also un-
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derlies a huge and growing demand for
energy.

China’s demand for high-grade energy
such as oil and natural gas will increase
rapidly, although coal will continue to
dominate the energy structure, account-
ing for more than 75 percent of total en-
ergy production. From 1990 to 1995, Chi-
na’s oil demand grew at 4.3 percent
annually, while oil production increased
only 1.2 percent each year. As a result of
these trends, China has become a net oil
importer (5).

Along with industrialization has come
rapid urbanization, especially in what is
known as the southern coastal crescent
that runs from Guangzhou to Shanghai.
The proportion of the population living in
cities has grown about 50 percent since
1980. Some 370 million people now live in
cities, and this number is expected to
grow to 440 million by the turn of the cen-
tury (6). A World Bank model predicts
that by the year 2020, 42 percent of Chi-
na’s population, more than 600 million
people, will live in urban areas over-
whelmingly concentrated in the eastern
and southern coastal provinces (7).

Since the political transformation of
1949, dramatic and extensive social im-
provements have accompanied China’s
growth. In 1949, the new People’s Republic
of China faced a massive burden of nutri-
tional deficiency and infectious and para-
sitic diseases. More than half the popula-
tion died as a result of infectious and
other nondegenerative diseases before
reaching middle age—a pattern still com-
mon throughout much of the developing
world. Since 1949, the average life span in
China has risen from 35 years to the cur-
rent 70. The infant mortality rate has
dropped from 200 per 1,000 to 31 per
1,000. Infectious diseases, while still a se-
rious problem in some parts of the coun-
try, claim the lives of a mere 0.0004 per-
cent of the population each year (8). The
decrease in morbidity and mortality rates
associated with infectious diseases in
China is a remarkable achievement for the
world’s most populous country. This de-
cline can be attributed to an aggressive

campaign to improve primary health care
and tackle infectious diseases (9).

However, over the coming decades, Chi-
na’s deteriorating environment threatens
to undermine the gains that rising in-
comes would otherwise bring. China’s
rapid industrialization, urbanization, and
economic growth are contributing to res-
piratory diseases and chronic illnesses
such as cancer. Levels of particulate air
pollution from energy and industrial pro-
duction in several of China’s megacities,
such as Shanghai and Shenyang, are
among the highest in the world, leading to
corresponding problems of lung disease
in their populations. Water pollution in
some regions, such as in the Huai River
Valley, is also without parallel.

In 1996, the government annual report,
State of the Environment, noted that envi-
ronmental pollution was expanding into
the countryside, and that ecological de-
struction was intensifying (10). Environ-
mental problems are seriously affecting
overall social and economic development
in the country. China Environment News, a
national newspaper of the National Envi-
ronmental Protection Agency (NEPA), re-
ported that in recent years, economic
costs associated with ecological destruc-
tion and environmental pollution have
reached as high as 14 percent of the coun-
try’s gross national product (GNP) (11).
More recently, the World Bank estimated
that air and water pollution cost China
nearly 8 percent of its GNP, around US$54
billion (12). Although solid scientific data
are lacking, the government has identified
environmental factors as one of the four
leading factors influencing the morbidity
and mortality of China’s people today (13).
The importance of environmental factors
is well understood by some, as shown by a
1994 opinion survey about risks. Respon-
dents who hold science or engineering de-
grees ranked risk from pollution ahead of
natural disasters (14).

Responding to growing public concerns
about the environment, the Chinese Gov-
ernment has officially named the environ-
ment as one of its top priorities and has
committed itself to reversing the trend of
environmental deterioration (15). Over the

past decade, China has increased environ-
mental spending, adopted market incen-
tives, strengthened lawmaking and en-
forcement, and promoted nationwide
environmental education. Decisions made
in the next decade or two about energy,
transportation, and agricultural technolo-
gies will largely determine how successful
China will be in achieving its goal of sus-
tainable development.

This case study describes the initial
findings of an ongoing project between
the World Resources Institute (WRI) and
the Chinese Government to evaluate the
links between environment and health in
China. The goal of this collaborative proj-
ect is to develop information and indica-
tors that will enable decisionmakers to
make informed choices about the envi-
ronment, energy, infrastructure, and re-
lated issues.

The first section of this profile focuses
on air pollution trends and the impact of
air pollution on human health. Routine
monitoring of air pollution and good hos-
pital and health records have enabled re-
searchers to gain a fairly clear picture of
air pollution’s impact on human health
and what the future will hold if air pollu-
tion continues to worsen. Water pollution
also presents a major threat to public
health, although data in this area are less
complete. Although data limitations pre-
vent a comprehensive review, the second
section reviews the most recent evidence
concerning the extent of health problems
associated with water pollution. The third
section reviews China’s laws and policies
to protect the environment and health.

Air Pollution and Health
Effects

POOR AMBIENT AIR QUALITY
PREVAILS

“The residents of many of China’s largest
cities are living under long-term, harmful
air quality conditions,” Zhao Weijun, dep-
uty director of the air pollution depart-
ment of NEPA, reported in 1997 in China
Environment News (16). China has long
recognized air pollution as a critical prob-
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lem. Ambient concentrations of total sus-
pended particulates (TSP) and sulfur di-
oxide (SO2) are among the world’s highest.
(See Figure China.1.) In 1995, more than
one half of the 88 cities monitored for SO2

were above the World Health Organization
(WHO) guideline. All but two of the 87
cities monitored for TSP far exceeded
WHO’s guideline. Some cities such as Tai-
yuan and Lanzhou had SO2 levels almost
10 times the WHO guideline (17).

Largely because of controls at power
plants and within households, particulate
emissions have not risen as much as
might have been expected with the dou-
bling of coal consumption. Overall, par-
ticulate emissions in China have re-
mained relatively level since the early
1980s (18). In fact, in some large cities,
ambient particulate concentrations have
decreased markedly since the 1980s (19).
In contrast, SO2 emissions have roughly
paralleled the increase in coal consump-
tion, reflecting heavy coal burning and in-
adequate sulfur control measures.

Coal burning, the primary source of
China’s high SO2 emissions, accounts for
more than three quarters of the country’s
commercial energy needs, compared with
17 percent in Japan and a world average of
27 percent (20). China’s consumption of
raw coal increased annually by 2 percent
between 1989 and 1993 (21). (See Figure
China.2.) Meanwhile, SO2 emissions in-
creased by more than 20 percent and TSP
increased by approximately 10 percent
(22). The country is expected to burn 1.5
billion metric tons of coal annually by the
year 2000, up from 0.99 billion metric
tons in 1990 (23). Without even more dra-
matic measures to control emissions than
are currently in place, the deterioration of
air quality seems inevitable.

Particulates and SO2 are the ambient air
pollutants of greatest concern; both are
byproducts of coal combustion. While in-
dustrial emissions of heavy metals and
toxics are also significant contributors to
air pollution in China, they are not rou-
tinely monitored and will not be ad-
dressed in this section.

The extent and type of air pollution in
China vary dramatically by geographic re-

gion. SO2 and particulate emissions are
highest in the northern half of China,
where coal is used to heat homes and
other buildings for several months of the
year and where industrial centers also de-
pend heavily on coal burning. Yet, air pol-
lution in the North would be much worse
if not for the higher quality, cleaner coal
that is available there. By contrast, the
coal mined in the South is high in sulfur
and extremely polluting, contributing to

serious problems with acid precipitation,
especially in the southwest provinces of
Sichuan, Guizhou, Guangxi, and Hunan
(24) (25).

Industry accounts for two thirds of Chi-
na’s coal use—industrial boilers alone
consume 30 percent of China’s coal. These
boilers are usually highly inefficient and
emit through low smoke stacks, contribut-
ing to much of China’s ground-level air
pollution, especially small particulates
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China’s Air Pollution Levels Are Among the World’s Highest
FIGURE CHINA.1 Ambient Concentrations of Air Pollutants, 1995

Source: The World Bank, Clear Water, Blue Skies: China’s Environment in the New Century (The World Bank, Washington, D.C., 1997),
Figure 1.1, p. 6.

China’s Growing Consumption of Coal
FIGURE CHINA.2 Energy Demand in China, 1971–95

Source: International Energy Agency, Energy Statistics and Balances: Non-OECD Countries, 1971–1995, on diskette (Organisation for
Economic Co-Operation and Development, Paris, 1997).



and SO2. Inefficient and dirty boilers are
particularly problematic because many of
the industries that use them are located in
densely populated metropolitan areas,
placing populations in these areas at high
risk of exposure. The residential sector
accounts for approximately 15 percent of
total coal use, yet is estimated to contrib-
ute to more than 30 percent of urban
ground-level air pollution (26)(27).

Although the energy and industrial
sectors are now the biggest contributors
to urban air pollution in China, the trans-
portation sector is becoming increasingly
important. The number of motor vehicles
on China’s roads has tripled since 1984,
climbing from less than 2.4 million in
1984 to 9.4 million in 1994 (28). By 2020,
the urban vehicle population is expected
to be 13 to 22 times greater than it is to-
day (29). This trend will likely have a ma-
jor influence on the future of China’s air
quality. The shift toward vehicle use is
most apparent in China’s big cities. For ex-
ample, from 1986 to 1996, the number of
vehicles in Beijing increased fourfold,
from 260,000 to 1.1 million. Although this
is only one tenth of the number of vehi-
cles in Tokyo or Los Angeles, the pollution
generated by Beijing motor vehicles
equals that in each of the two other cities
(30).

The problem stems not just from the
growing size of the vehicle fleet but also
from low emissions standards, poor road
infrastructure, and outdated technology,
which combine to make Chinese vehicles
among the most polluting in the world

(31). Vehicle emissions standards in China
are equivalent to the standards of the de-
veloped world during the 1970s, and some
domestic companies are manufacturing
vehicles modeled after vehicles from 20
years ago. Actual emissions often exceed
these standards: Chinese vehicles emit
2.5 to 7.5 times more hydrocarbons, 2 to 7
times more nitrous oxides (N2O), and 6 to
12 times more carbon monoxide (CO)
than foreign vehicles (32). In Beijing,
Shanghai, Hangzhou, and Guangzhou, up
to 70 percent of CO emissions have been
attributed to motor vehicles. Cars also
contribute a large share of hydrocarbons
and N2O in the cities where data are avail-
able (33). (See Table China.1.) As a result,
although China’s vehicle fleet is small
compared with the developed countries,
its large cities are already blanketed with
smog.

A recent study in Beijing revealed that
at all monitoring points within the Third
Ring Road—a rough boundary separat-
ing downtown Beijing and its out-
skirts—the CO levels exceeded the na-
tional standard (4 micrograms per cubic
meter per day). During the summer,
ozone concentrations repeatedly exceeded
the national standard, which is set on an
hourly basis—often several times per day.
In addition, concentrations of N2O have
almost doubled over the past decade (34).

Compounding these pollution prob-
lems is the fact that the burgeoning Chi-
nese motor vehicle fleet is largely fueled
by leaded gasoline. Although lead expo-
sure is known to be a significant health

hazard in China, no routine monitoring of
environmental concentrations or blood-
lead levels is performed. A few studies
have been conducted and are described
below. These scanty data suggest that am-
bient lead levels in the urban area of ma-
jor cities such as Beijing are usually 1 to
1.5 micrograms per cubic meter—the na-
tional standard is 1 microgram per cubic
meter. In some areas, ambient lead levels
can reach as high as 14 to 25 micrograms
per cubic meter (35). The health effects,
described below, are significant, although
recent and dramatic government actions
to phase out leaded gasoline will likely
have a major impact on this problem. Bei-
jing and Shanghai as well as other cities
have already begun to act, and the coun-
trywide phaseout is expected to be com-
plete by the year 2000.

HEALTH EFFECTS FROM AMBIENT
AND INDOOR AIR POLLUTION

Air pollution is thought to be one of the
leading risk factors for respiratory dis-
eases, such as chronic obstructive pulmo-
nary disease (COPD), lung cancer, pulmo-
nary heart disease, and bronchitis,
diseases that are the leading causes of
death in China. The fact that men and
woman have similar rates of these dis-
eases, despite women’s much lower smok-
ing rates, provides evidence that this high
disease burden is related to pollution (36).

Although only a limited number of epi-
demiologic studies have been conducted,
air pollution has clearly contributed to
both excess mortality and morbidity in
China. At this stage, however, it is ex-
tremely difficult to tease apart which
sources of air pollution have the greatest
impact on human health, indoor or out-
door. In urban areas, there is a great deal
of exchange between outdoor and indoor
air, both of which are polluted from dif-
ferent sources—indoor primarily from
the burning of coal for cooking and heat-
ing. Summaries of selected recent esti-
mates of health impacts are presented to
provide a more complete understanding
of the complex relationship between air
pollution and human health.
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Outdated Vehicles Degrade Urban Air Quality
TABLE CHINA.1 Percentage of Emissions in Selected Chinese Cities Attributable to Motor Vehicles

PERCENTAGE ATTRIBUTABLE TO MOTOR VEHICLES

CARBON MONOXIDE HYDROCARBONS NITROUS OXIDES CATEGORIES

Beijing 48–64 60–74 10–22 District
Shanghai 69 37 District
Shenyang 27–38 45–53 District
Jinan 28 4–6 District
Hangzhou 24–70 Road
Urumqi 12–50 Road
Guangzhou 70 43

Source: He et al., “Status and Development of Vehicular Pollution in China,” Environmental Science, Vol. 7, No. 4 (August 1996).



Based on dose-response functions from
studies conducted within China and in
other countries, the World Bank has esti-
mated the number of deaths and diseases
associated with air pollution among ur-
ban populations. Using the Chinese stan-
dards as a benchmark, they estimate the
number of deaths that could be prevented
if air pollution were reduced to those lev-
els. According to their calculations, ap-
proximately 178,000 deaths, or 7 percent
of all deaths in urban areas, could be pre-
vented each year. Another measure of air
pollution’s impact on health is the
number of hospital admissions from res-
piratory diseases. This study found
346,000 hospitalizations associated with
the excess levels of air pollution in urban
areas. Table China.2 summarizes the esti-

mated health impact of both ambient and
indoor air pollution in China (37).

In China, the effects of outdoor air pol-
lution are compounded by those of indoor
air pollution. Households using coal for
domestic cooking and heating are espe-
cially at risk because coal emits very high
levels of indoor particulate matter less
than 2.5 microns in size—the size be-
lieved to be most hazardous to health.
(These concentrations can be more than
100 times the proposed U.S. ambient air
24-hour standard.) Exposure to these
small-sized particles is especially harmful
because they persist in the environment
and reach deep into the lungs (38).

Indoor air pollution affects both urban
and rural populations. Nor is it simply a
problem indoors: numerous studies have
shown that intense indoor coal burning
can affect ambient air quality as well. For
instance, rural neighborhoods are gener-
ally unaffected by urban sources of air
pollutants but can be extremely polluted
from the burning of coal indoors. Table
China.3 shows the extremely high levels of
particulates in both rural and urban in-
door environments (39). Indoor air pollu-
tion causes as many health problems as
smoking, with the effects concentrated
among women and children (40).

Although the proportion of China’s
households that burn polluting biomass
fuels indoors for cooking and heating re-
mains significant, it has been declining
with the proliferation of alternative en-
ergy sources. Largely as a result of gov-
ernment investments, about one third of
urban Chinese now have access to gas for
cooking, and coal-burning households are
increasingly turning to the use of cleaner,
more efficient briquettes (41).

Perhaps the most compelling example
of the health impact from indoor air pol-
lution is the extremely high lung cancer
rates among nonsmoking women in rural
Xuan Wei County. Studies conducted by
the United States Environmental Protec-
tion Agency (U.S. EPA) report that in the
three communes with the highest mortal-
ity rates, the age-adjusted lung cancer
mortality rate between 1973 and 1979 was
125.6 per 100,000 women, compared with

average rates of 3.2 and 6.3 for Chinese
and U.S. women, respectively, for the same
time. Because surveys showed that virtu-
ally no women (in the county) smoked to-
bacco products, other sources of potent
exposure must have contributed to these
troubling rates. Analyses of indoor air
and blood samples from the women indi-
cate that fuel burning inside the home
was largely responsible for the lung can-
cers. The U.S. EPA studies found a strong
association between the existence of lung
cancer in females and the duration of
time spent cooking food indoors. The lev-
els of carcinogenic compounds present in
smoky coal (a local type of coal that
smokes copiously) were found to be much
higher in the women who used smoky
coal for cooking (42)(43).

Since the 1980s, a number of studies
examining the relationship between am-
bient air pollution and health effects in
China have been conducted. It is impor-
tant to remember that although the stud-
ies measured only ambient air pollution
levels, in reality people are exposed to a
combination of indoor and outdoor air.
One of most definitive of these studies ex-
amined the relationship between air pol-
lution and mortality in two residential ar-
eas of Beijing. According to this study, the
risk of mortality was estimated to in-
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Air Pollution’s Toll
TABLE CHINA.2 Estimates of Respiratory Damage That
Could Be Avoided by Meeting Class 2 Air Quality Stan-
dards in China

PROBLEM
NUMBER OF

CASES AVERTED

Urban air pollution
Premature deaths 178,000
Respiratory hospital
admissions

346,000

Emergency room visits 6,779,000
Lower respiratory infec-
tions or child asthma

661,000

Asthma attacks 75,107,000
Chronic bronchitis 1,762,000
Respiratory symptoms 5,270,175,000
Restricted activity days
(years)

4,537,000

Indoor air pollution
Premature deaths 111,000
Respiratory hospital
admissions

220,000

Emergency room visits 4,310,000
Lower respiratory infec-
tions or child asthma

420,000

Asthma attacks 47,755
Chronic bronchitis 1,121,000
Respiratory symptoms 3,322,631,000
Restricted activity days
(years)

2,885,000

Source: The World Bank, Clear Water, Blue Skies: China’s Envi-
ronment in the New Century (The World Bank, Washington,
D.C., 1997), Table 2.1, p. 19.

Air Quality May Be Worse Indoors
TABLE CHINA.3 Indoor Particulate Air Pollution from
Coal Burning in China (Sample Studies)

PLACE
URBAN/
RURAL

PARTICULATES
(micrograms per

cubic meter)

Shanghai Urban 500–1,000
Beijing Urban 17–1,100a

Shenyang Urban 125–270
Taiyuan Urban 300–1,000
Harbin Urban 390–610a

Guangzhou Urban 460
Chengde Urban 270–700a

Yunnan Rural 270–5,100
Beijing Rural 400-1,300
Jilin Rural 1,000–1,200a

Hebei Rural 1,900–2,500
Inner Mongolia Rural 400–1,600a

Source: World Health Organization (WHO), Health and Envi-
ronment in Sustainable Development: Five Years after the Earth
Summit (WHO, Geneva, 1997), p. 86.

Note: a. Particles less than 10 micrometers in size.



crease by 11 percent with each doubling
of SO2 concentration, and by 4 percent
with each doubling of TSP. When the spe-
cific causes of mortality were examined,
mortality from COPD increased 38 per-
cent with a doubling of particulate levels
and 29 percent with doubling of SO2. Pul-
monary heart disease mortality also in-
creased significantly with higher pollu-
tion levels. Levels of air pollution
measured often exceeded WHO guide-
lines, particularly in winter when ambient
air pollution was exacerbated by indoor
fuel burning and climatic conditions. Yet,
what was striking is that excess mortality
was associated with pollutant levels below
WHO guidelines, suggesting that the
guidelines cannot be perceived as a safe
limit (44).

Respiratory diseases, hospitalization, or
doctor visits are often a more sensitive
measure of the impact of air pollution on
human health than mortality. One recent
study confirmed that as concentrations of
SO2 and TSP rose in Beijing, so did visits
to the emergency room. This increase in
unscheduled hospital visits occurred both
when air pollution levels were extremely
high (primarily in the winter) and when
the levels were below WHO’s recom-
mended guidelines, bolstering studies in
developed countries that have shown ex-
cess respiratory disease and mortality at
lower doses (45). Although Beijing has
been the focus of many studies, it has no
monopoly on bad air. Chongqing, the larg-
est and most recently declared autono-
mous zone, has a higher concentration of
SO2 than any of China’s five other largest
cities (46). A recent study found that sev-
eral symptoms of compromised health,
including reduced pulmonary function
and increased mortality, hospital admis-
sions, and emergency room visits, were
correlated with higher levels of air pollu-
tion in Chongqing (47). A study conducted
in another of China’s largest cities, Shen-
yang, estimated total mortality increased
by 2 percent with each 100 micrograms
per cubic meter increase in SO2 concentra-
tion, and by 1 percent for each 100 micro-
grams per cubic meter in TSP (48).

Respiratory diseases are not the only
health impacts of concern associated with
air pollution. Lead exposure, for instance,
leads to neurological damage, particularly
in children. China has no comprehensive
national data on blood-lead levels, a reli-
able biomarker of exposure, but some
studies show that blood-lead levels are far
above the threshold associated with im-
paired intelligence, neurobehavioral de-
velopment, and physical growth. (The U.S.
standard is 10 micrograms per deciliter.)
Between 65 and 100 percent of children in
Shanghai have blood-lead levels greater
than 10 micrograms per deciliter. Those
in industrialized or congested areas had
levels averaging between 21 and 67 decili-
ters (49). In Shanghai, prenatal exposures
to lead from urban air were associated
with adverse development in the children
during their first year of life (50).

Water Scarcity, Water
Pollution, and Health
China’s rapid economic growth, industri-
alization, and urbanization—accompa-
nied by inadequate infrastructure invest-
ment and management capacity—have
all contributed to widespread problems of
water scarcity and water pollution
throughout the country. China has some
of the most extreme water shortages in
the world. Of the 640 major cities in
China, more than 300 face water short-
ages, with 100 facing severe scarcities (51).
As discharges of both domestic and in-
dustrial effluents have increased, clean
water has become increasingly scarce. The
impact of China’s dual problem of water
scarcity and water pollution exacts a
costly toll on productivity. Water short-
ages in cities cause a loss of an estimated
120 billion yuan (US$11.2 billion) in in-
dustrial output each year. The impact of
water pollution on human health has been
valued at approximately 41.73 billion
yuan per year (US$3.9 billion), which is
almost certainly an underestimate (52).
Although Chinese decisionmakers are in-
creasingly concerned about the damages
associated with water pollution, years of
neglect and a lack of funding for research

have resulted in limited data on water pol-
lution and even fewer epidemiologic stud-
ies on the links between water pollution
and human health effects.

China has a total of 2,800 billion cubic
meters of annually renewed fresh water;
the world’s most populous country is
fourth in the world in terms of total water
resources (53). Considering per capita wa-
ter resources, China has the second lowest
per capita water resources in the world,
less than one third the world average.
Northern China is especially water-poor,
with only 750 cubic meters per capita; this
geographic region has one fifth the per
capita water resources of southern China
and just 10 percent of the world average
(54).

The distribution of groundwater is
similarly skewed: average groundwater re-
sources in the South are more than four
times greater than in the North. Dramatic
shifts in annual and monthly precipita-
tion cause floods and droughts, which
further threaten economic growth.

As surface water quality has worsened,
the Chinese have increased their extrac-
tion of groundwater to meet water de-
mand. As a result, overextraction of
groundwater has become a serious prob-
lem in a number of cities including Nan-
jing, Taiyuan, Shijiazhuang, and Xi’an.
Groundwater depletion is most problem-
atic in coastal cities, including Dalian,
Qingdao, Yantai, and Beihai, where saltwa-
ter intrusion is on the rise (55). Although
there is no comprehensive monitoring of
China’s groundwater, studies suggest that
groundwater quality, not just quantity, is
severely threatened in many regions. Ac-
cording to one estimate, one half the
groundwater in Chinese cities has been
contaminated (56).

INDUSTRIAL AND MUNICIPAL
WASTEWATER THREATENS CHINA’S
WATER QUALITY

Each year, large amounts of pollutants are
dumped into China’s water bodies from
municipal, industrial, and agricultural
sources. China is the world’s largest con-
sumer of synthetic nitrogen fertilizers
(57). As a result of these activities, pollu-
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tion is widespread in China’s rivers, lakes,
and reservoirs. Except for some inland
rivers and large reservoirs, water pollu-
tion trends in China have worsened in re-
cent years, with the pollution adjacent to
industrially developed cities and towns
being particularly severe (58).

Some of the major threats to water
quality stem from inadequate treatment
of both municipal and industrial waste-
water. In 1995, China discharged a total of
37.29 billion cubic tons of wastewater, not
including wastewater from township-
and-village enterprises (TVEs), into lakes,
rivers, and reservoirs. Approximately 60
percent was released from industrial
sources, the rest from municipal. With
only 77 percent of industrial wastewater
receiving any treatment in 1995, nearly
one half of the industrial wastewater dis-
charged failed to meet government stan-
dards (59). Industrial discharges usually
contain a range of toxic pollutants includ-
ing petroleum, cyanide, arsenic, solvents,
and heavy metals (60).

Although the amount of wastewater
discharged from regulated industries has
leveled off since the early 1990s, dis-
charges from TVEs and municipal
sources have increased rapidly (61). The
increase from TVEs can be traced to the
rising proportion of total industrial out-
put from these enterprises and to a lack of
pollution control over these enterprises
because of their widely scattered geo-
graphical distribution. In addition, local
authorities are reluctant to tighten control
over pollution when pursuit of economic
benefits is their first goal.

Treatment of municipal sewage lags far
behind that of industrial wastewater. In
1995, China had only 100 modern waste-
water treatment plants (62). Beijing had
only one secondary sewage treatment
plant, with a capacity of 500,000 metric
tons, which cannot keep pace with the in-
creasing amounts of sewage in the city
(63). Treatment should improve rapidly,
however, following the amendment of the
Water Pollution Prevention and Control
Law (64), which set more restrictive regu-
lations, as well as a recent government de-

cision requiring all cities with a popula-
tion of more than 500,000 to have at least
one sewage treatment plant (65).

Water bodies near urban areas are gen-
erally the most severely polluted, and the
situation is deteriorating. Many urban
sections of rivers are polluted by toxic and
even carcinogenic compounds, such as ar-
senic. Although most Chinese attempt to
protect themselves from bad water by
boiling it, boiling does not affect many of
the toxins.

Biological contamination remains a
problem as well. Indeed, fecal coliform,
mostly from sewage, has become the most
challenging drinking water pollutant in
the country. In 1994, 54 out of 134 rivers
tested did not meet Grade 4 and 5 surface
water standards, indicating that the water
was deemed unsuitable for even indus-
trial or agricultural use. About 90 percent
of the sections of rivers around urban ar-
eas were found to be seriously polluted.
Because heavy industry is concentrated in
northern China, the major river systems
in the North are more heavily polluted
than those in the South (66). (See Figure
China.3.)

HEALTH IMPLICATIONS

Access to Safe Drinking Water is Key to
Protecting Public Health

The health of China’s people depends, to a
great extent, on the quantity and quality
of its drinking water supply. Drinking wa-
ter quality is largely determined by
sources of incoming water, modes of wa-
ter supply, and the level of water treat-
ment. The majority of Chinese urban and
some suburban residents now have access
to tap water, while the largest portion of
the rural population still relies on hand-
or motor-pumped wells, or they fetch wa-
ter directly from rivers, lakes, ponds, or
wells, with little or no treatment at all.
Large rivers are the most common source
of urban drinking water, as well as the
major source for rural residents in many
parts of the country.

In only 6 of China’s 27 largest cities
does drinking water quality meet state
standards, according to one recent study.

Groundwater did not meet state standards
in 23 of these cities (67). The problem is
more pronounced in rural China. In some
rural areas, the fecal coliform in the
drinking water supply exceeds the maxi-
mum level by as much as 86 percent; in
towns and small cities, the rate is about 28
percent. Currently, around 700 million peo-
ple in China drink water that fails to meet
state standards for fecal coliform (68).

Over the past decade, the government
has launched a major initiative to improve
access to safe drinking water in rural ar-
eas. From 1991 to 1995, the government
spent 14.45 billion yuan (US$1.35 billion)
to improve the drinking water supply in
rural regions (69). Although the rural
population with access to tap water more
than doubled between 1987 and 1995,
when it reached 47 percent, more than one
half of those people still drank water that
failed to meet safety standards (70).

Infectious Diseases Associated with Poor
Water Quality

Despite an overall decline in mortality
from infectious diseases in China, the
population still suffers from a number of
diseases associated with inadequate
drinking water quality and sanitation. For
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Polluted Rivers
FIGURE CHINA.3 Water Quality Is Low at 135
Monitored Urban River Sections, 1995

Source: The World Bank, Clear Water, Blue Skies: China’s Envi-
ronment in the New Century (The World Bank, Washington,
D.C., 1997), p. 14.
Note: Grades 4 and 5 are deemed unsuitable for direct hu-
man contact.



the past two decades, diarrheal diseases
and viral hepatitis, both diseases associ-
ated with fecal pollution, have been the
two leading infectious diseases in China.
In 1995, the incidence of hepatitis was 63
per 100,000, a 46 percent decrease from
1991. After a sharp drop from 1991 and
1992, the incidence of dysentery has risen
since 1994, in part because of the deterio-
ration of water quality. A sudden upswing
in the incidence of typhoid fever in 1991
and a large outbreak in some provinces in
1992 were also partly attributed to the
poor drinking water quality in rural ar-
eas. In 1991, typhoid fever incidence
reached as high as 10.6 per 100,000. Al-
though the incidence of waterborne dis-
eases is still high compared with many
other countries, effective medical care has
kept mortality low, averaging less than 0.1
per 100,000 (71).

It is more difficult to establish the im-
pacts of industrial and chemical water
pollution on human health than pollution
by human waste. However, recent epide-
miological studies suggest that exposure
to organic and inorganic chemicals in
drinking water may significantly contrib-
ute to chronic disease. Liver and stomach
cancers are the leading causes of cancer
mortality in rural China. Many studies in
China and abroad have shown a strong as-
sociation between drinking water pollu-
tion and cancer incidence and mortality.
An example is a study conducted in Luji-
ang County, Anhui Province, where mor-
tality rates for stomach and liver cancers
were associated with the high levels of in-
organic substances in surface water (72).
Although diet and alcohol consumption
may play some role in the increases of
these cancers, environmental causes can-
not be dismissed (73). Since the 1970s,
deaths from liver cancer have dou-
bled—China now has the highest liver
cancer death rate in the world (74).

In southern China, where some of the
population has long depended on ponds
for drinking water, the rates of digestive-
system cancers are very high. An investi-
gation of 560,000 people in 23 villages
and towns showed that between 1987 and
1989, cancer mortality was 172 per

100,000, which is much greater than the
average mortality rates in rural China (75).
Gastric, esophageal, and liver cancers ac-
counted for 85 percent of all cancers.
Other studies reported that the high inci-
dence of liver cancer in Jiangsu’s Qidong
and Guangxi’s Fushun regions is highly
correlated with drinking water pollution
(76)(77). Further research is needed to con-
firm this link and identify the specific
pollutants at fault.

Impact of Wastewater Irrigation on Health

Irrigation with wastewater has been a
common practice in many parts of China
throughout its 2,000-year-old agricultural
history. In the past several decades, how-
ever, the age-old practice of using night
soil has been supplemented by the use of
industrial wastewater as well, leading to
problems with both biological and chemi-
cal contaminants. Irrigation with indus-
trial wastes is especially common in the
northern regions, where water is scarce.
Pollutants, including some organic pollut-
ants, heavy metals, and carcinogens, enter
the food chain in the irrigation process
and can affect human health.

Numerous studies since the 1970s have
shown significant increases in cancer
rates and deaths, as well as birth defects,
in areas that rely on wastewater for irriga-
tion. For example, research in Shenyang
and Fushun showed that the incidence of
intestinal infections and enlargement of
the liver was, respectively, 49 percent and
36 percent higher in the irrigated areas
than in the control area. There were twice
as many cancer patients in the sewage-
irrigated area. In Fushun, in Liaoning
Province, more than 13,000 hectares of
farmland are irrigated with water pol-
luted with oil. The adjusted rate of malig-
nant tumor mortality was almost twice
that of the control area, and the incidence
of congenital malformation was double
the rate in the control area (78). Although
these associations raise alarms, they do
not prove that wastewater is to blame.

Township-and-Village Enterprises:
Lack of Regulation Poses Major Threat to
Health and Environment

The rapid development of TVEs will have
an enormous impact on China’s water
quality in the coming years. Although
their development can be traced back to
the late 1950s, these enterprises boomed
in the past 10 years. The economic success
of the TVEs has reduced poverty for mil-
lions of farmers, but they have also in-
flicted severe damage on the environment
in rural China. Even though the Chinese
Government has enacted a number of
laws and policies to control and regulate
industrial discharges (79), the government
has not yet effectively regulated TVEs (80).

By 1995, more than 7 million TVEs ex-
isted throughout China, with a total out-
put of 5.126 trillion yuan (US$671 bil-
lion), accounting for 56 percent of the
total industrial GDP—considerably more
than the contribution of state-owned en-
terprises. The number of TVEs is ex-
pected to continue to grow. A conservative
estimate holds that the TVEs discharge
more than half of all industrial wastewa-
ter in China—more than 10 billion metric
tons. Most TVEs have no wastewater or
hazardous waste treatment facilities, and
since TVEs are widely scattered across
vast rural areas, wastes from TVEs have
the potential to affect the health of many
people (81).

A 1989–1991 investigation of the 10
leading TVE industries in seven provinces
and municipalities showed that industrial
wastes were discharged without any treat-
ment and control. An analysis of the
health of 860,000 people in the area re-
vealed that the incidence rate of chronic
diseases was between 12 and 29 percent,
much higher than the national average for
rural areas, which is approximately 9 per-
cent. The total mortality in polluted areas
averaged 4.7 per 1,000, higher than the av-
erage 3.6 in the control area. Life expec-
tancy in the polluted areas was 2 years
lower than in the control area. Although
not definitive, evidence suggests that in-
dustrial pollution from TVEs could be-
come a major threat to human health in
China (82).
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Laws and Policies to
Protect the Environment
and Health
China’s achievements in health and life
expectancy over the past four decades
have far exceeded what could be expected
for a country at its stage of economic de-
velopment, according to a recent World
Bank evaluation. Behind these dramatic
gains in public health was an extraordi-
nary campaign for the Chinese people
carried out by the central government,
which provided family planning, child-
hood immunization, accessible primary
health care (particularly for mothers and
children), improved nutrition, infectious
disease control, better education, and im-
provements in housing and sanitation.
(See Table China.4.) Morbidity and mor-
tality from infectious diseases continue to
decline on average in most areas of China,
although in remote and poor regions, the
levels of communicable disease remain
much higher than the national averages.
The overall success of these programs can
be attributed to the central government’s
approach of adopting the best of tradi-
tional methods and wedding these with
modern methods. For instance, a cam-
paign to eradicate major public health
scourges, such as diphtheria and syphilis,
succeeded in large part because it in-
volved vast numbers of traditional doc-
tors in the rural areas (83).

Along with rising income and improved
literacy rates, the era of reform has
brought more environmental awareness
to the Chinese people. A few recent stud-
ies in China showed that as communities
have become wealthier and better edu-
cated, the public has begun to push for
stronger regulations and enforcement (84).
The increase in media coverage of pollu-
tion accidents has contributed to the pub-
lic’s awareness. A popular saying in Chi-
na’s developed eastern region is, “The
house is new, the money is enough, but
the water is foul and the life is short” (85).

How will China set priorities to prevent
environmental exposures and protect
public health? Although the government
has already begun to address particulate

and SO2 emissions, much remains to be
done. While regulatory standards will
likely reduce emissions from power plants
and state-regulated industries, smaller
residential sources and TVE industries
will continue to threaten air quality. Resi-
dential coal burning for cooking and
heating will continue to be a major source
of exposure until there is more universal
adoption of cleaner fuels. Even though the
government has focused some attention
on mobile source pollution, it will be a
difficult problem to address, given the
rapid expansion of the fleet of vehicles.

ENVIRONMENTAL LAWS AND
REGULATIONS

Since the promulgation of the Environ-
mental Protection Law in 1979, the first of
its kind in China, 5 pollution-control stat-
utes and 10 natural resource conservation
statutes have been enacted. The Environ-
mental Protection and Natural Resources
Conservation Committee of the National
People’s Congress, the lawmaking arm,
submitted a 5-Year Legislative Plan to the
National People’s Congress in 1993. Ac-
cording to the plan, approximately 7 key
environment and natural resource stat-
utes will be created or amended by 1998,
and more than 17 such statutes will be
created or amended by the end of this
century. The United States, by compari-
son, has passed approximately 21 major
environmental acts in the last four dec-
ades.

The Energy Conservation Law was
passed on November 1, 1997, and came

into force on January 1, 1998. The scope of
this law extends to energy from coal,
crude oil, natural gas, electric power, coke,
coal gas, thermal power, biomass power,
and other energy sources. This law may be
the harbinger of strengthened efforts by
the Chinese Government to prohibit cer-
tain new industrial projects that seriously
waste energy and employ outmoded tech-
nologies.

Despite the complex system of legisla-
tive and policy tools in place and the net-
work of environmental officials through-
out China, compliance with environ-
mental regulations remains low, essen-
tially because economic development re-
mains the country’s priority at all levels of
society.

As part of its efforts to strengthen envi-
ronmental law enforcement, the govern-
ment revised its criminal code to punish
violations against the environment and
resources. This step may provide law en-
forcement agencies with some power.
However, the vagueness of standards in
many laws and regulations, coupled with
the lack of a comprehensive enforcement
regime, has led to a situation where many
environmental laws still reflect deals cut
between the local environmental protec-
tion agencies, NEPA, other ministries, lo-
cal government bodies, and the polluting
enterprises. Thus, the degree of actual
compliance and enforcement depends on
the region concerned and the personali-
ties involved. Often, the richer the poten-
tial investor, the more strictly environ-
mental policy will be applied (86).

World Resources 1998–99 123

Environmental Change and Human Health
R E G I O N A L P R O F I L E S : C H I N A

Most Chinese Have Safe Water and Sanitation
TABLE CHINA.4 Access to Safe Drinking Water and Sanitation Among Selected Countries in Asia, 1990

PERCENTAGE OF THE POPULATION WITH ACCESS TO

SAFE DRINKING WATER SANITATION a

COUNTRY URBAN RURAL TOTAL URBAN RURAL TOTAL

China 87 68 72 100 81 85
India 86 69 73 44 3 14
Indonesia 35 33 34 79 30 45
Sri Lanka 80 55 60 68 45 50
Japan 100 85 96 100 100 100

Source: The World Bank, Clear Water, Blue Skies: China’s Environment in the New Century (The World Bank, Washington, D.C., 1997),
Table 2.2, p. 20.

Notes: a. Assumes that residents have access to water for washing and that sewage is removed from the house through outdoor
latrines, night-soil collection systems, or flush toilets.



For the next decade or so, China’s rapid
development will likely lead to further un-
certainty in the regulatory regime. In the
meantime, an increasing array of re-
sources are being devoted to enforcement,
and discussions are currently underway
to elevate NEPA to ministerial status,
which may give NEPA more leverage and
authority in law enforcement. Nonethe-
less, many Chinese officials adamantly
hold that economic development must
come before environmental protection.
They also disagree about how stringent
environmental initiatives need to be to
protect the health of billions of citizens
while maintaining economic growth. This
internal struggle enhances the paradoxi-
cal quality of Chinese environmental law,
which may at once appear both simple
and complex, or lenient and severe (87).

USING ECONOMIC INSTRUMENTS—
HARNESSING THE MARKET

In its transition from a command to a
market economy, China is trying to har-
ness the market to work for the environ-
ment rather than against it. Continued
and accelerated economic reform is a pre-
requisite to reorient state enterprises so
that they respond to environmental pen-
alties. Liberating international trade will
give Chinese industry access to the latest
environmental technology. The develop-
ment of capital markets is necessary to
provide financing to firms and munici-
palities supplying environmental infra-
structure. Adjustments of the pricing sys-
tem are needed to ensure that it reflects
true environmental costs.

Despite the fact that China is resource-
poor, it prices its energy and water far
lower than the actual costs. However, great
strides are being made to rectify this situa-
tion. Over the past 3 years, the government
has raised and partly deregulated coal
prices; in most areas, coal prices now cover
the costs of production and delivery. In ad-
dition, many cities and provinces are cur-
rently preparing to increase sewage and
water charges to consumers and industries.
In Taiyuan of Shanxi Province, for instance,
the price bureau has announced that water
prices will quadruple over the next 5 years

in order to recover supply costs (88).
Shanghai recently increased tap water
prices by between 25 and 40 percent to
fund water quality improvement pro-
grams and to make sewage self-financing.
Guangzhou and Chongqing are eager to
do the same (89).

The increasing market orientation of
the industrial sector offers an opportu-
nity to use market-based pollution con-
trols more effectively. Achieving pollution
control objectives will require increasing
pollution charges. NEPA has proposed a
10-fold increase in the air pollution levy;
this increase would go a long way toward
reducing air pollutant emissions. Higher
levies are needed both to lower current
emissions and to finance the large invest-
ment required to achieve desired ambient
air quality in Chinese cities. Currently, the
pollution levies are assessed only on dis-
charges that exceed the standard; in other
words, emissions cost the polluter noth-
ing until the standards are breached.
Moreover, effluent charges are based on
the pollutant that exceeds the standard by
the greatest amount and do not reflect the
risks posed by other pollutants. The
World Bank has been working with NEPA
to overcome these shortcomings. These
two organizations are developing a system
that incorporates both maximum dis-
charge rates for all pollutants as well as
incentives to encourage emissions at lev-
els below the maximum allowed (90).

INCREASING ENVIRONMENTAL
INVESTMENT

Environmental protection demands more
spending. The Chinese Government has
attributed the continued deterioration of
the environment largely to lack of fund-
ing. Despite extremely ambitious 5-year
plans to control environmental pollution
in the past, insufficient investment has
prevented realization of these goals. Now
in its Ninth 5-Year Plan period, the gov-
ernment has adopted the Trans-Century
Green Plan, which sets targets for envi-
ronmental protection for the year 2010. In
conjunction with other environmental
protection plans, NEPA is striving to sta-
bilize the emissions of several pollutants

at 1995 levels by the year 2000. The per-
centage of SO2, particulates, untreated
sewage, and heavy metals sewage treated
would be increased from its current 19
percent to 25 percent, and treatment of in-
dustrial wastewater would be expanded
by about 70 million metric tons. This am-
bitious plan, which NEPA estimates will
cost 450 billion yuan (1.3 percent of Chi-
na’s GNP) to achieve, accords top priority
to certain areas, especially along the east
coast and in some parts of its inner land:
the Hai, Huai, and Liao rivers; the Chao,
Dianchi, and Tai lakes; and two areas in
southwest China with pronounced prob-
lems with SO2 levels and acid rain (91).

Industries and local governments are
increasingly looking for new sources of
funding, through the “polluter pays” prin-
ciple, urban environmental infrastructure
funds, and even bank loans. The central
government is playing a more supportive
role in seeking loans and foreign invest-
ment and implementing economic poli-
cies. The government intends to increase
the proportion of GNP spent on control-
ling pollution from the current 0.8 per-
cent to more than 1 percent at the turn of
the century, or approximately 188 billion
yuan (US$17.5 billion) (92). Some cities
are investing in an even higher propor-
tion. For instance, Beijing, Shanghai, and
Xiamen have decided to allocate up to 3
percent of their GDP to pollution control.
Tianjin will set aside up to 2 percent (93).
In the meantime, China also hopes that
foreign investment will continue to pro-
vide funds supporting its ambitious plans
to address pollution. A recent World Bank
report noted that investing about 1 per-
cent of GDP each year gradually rising to
2.5 percent over the next 25 years—di-
vided roughly equally between air and
water investment—would greatly reduce
pollution in China by 2020 (94). The report
also noted that the operating and the av-
erage investment costs each year of such a
program would gradually rise to about 2.5
percent of GDP by the end of the period.
According to the World Bank, the benefits
of these measures exceed the costs by
large margins, and these measures are es-
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sential if China is to redirect its develop-
ment toward a more sustainable path.

Changhua Wu, Michelle Gottlieb, and Devra Davis,
Health, Environment, and Development Program,
World Resources Institute, Washington, D.C.
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