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Heavy Industry in a Rural
'Tropical Ecosystem
BY CARL CHRISTIANSSON AND JOHAN ASHUVUD

The establishment of a large integrated pulp and paper mill in the Mufindi District of
Tanzania' has heavily influenced the local society. Not only has the influx of capital create,
a modern monetary economy, but immigration is giving rise to a conlplex set of resource
conflicts. However, most of the environmental effects are yet to be seen. When the
Southern Paper Mills (SPM) starts producing, there will be e/llissions into the atnlospherl~;

effluent discharges and solid wastes introduced into a fragile tropical environment Jhe
uncertainty regarding the effects could easily be reduced.
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'::- View ofthe mlllsile during the construetlon'«~

, phase. In the background are parts of the , .
;. .','~ Mgololo Valley and the Muflndl EscarpmenL
"';",';Pholo: C. Chrlsllansson.



THE MUFINDI PLATEAU AND
MGOLOLO VALLEY
The area most immediately affected by the
mill covers some 500 km:!. Today it has
well over 10.000 inhabitants distributed
over eight villages, all situated south of the
~fufindi Escarpment in the Mgololo Val­
ley. t\'fany other villages in the ne~ghbor­

hood, such as those in the plantation areas
on the Mufindi Plateau. will also be more
or less affected.

1~ V.

that runs in a· northeast-southwest direc-
tion through the district. When the project
was auithorized the valley was still an iso- ..
lated rural neighborhood entirely depen- t
dent on subsistence farming. More regular 0
contacts with other parts of the country (.j

were not established until the Tanzania- I..lJ.....j

Zambia Railway (TAZARA) reached the Q.)
".;'area in the mid-1970s. At. that time very ~

little was known about the natural envi- ~'-

ronment and socio-economic structure of ::::
this part of the district.

Three factors seem to have determined
the location of the mill: the proximity to
the existing pine plantations at Sao Hill,
the availability of water for the industrial
processes, and the proximity to the natio-
nal communication network.

The pulpwood is, supplied from the Sao
Hill area, 35-50 km from the mill site.
Process water is taken from a small
stream, Kigogo-Ruaha, flowing through
the Mgololo Valley. For transport to the
mill of raw materials other than wood, and
for transport of paper products from the
mill, the TAZARA Rail}Way will be used.
The present poor-quality road running
through the valley barely admits traffic
during the rainy season, but a new road is
planned to run from Sawala to the mill site
(Figure 1).
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Figure 1. Mapof part of the Muflndl District and Kilombero Valley, showing the location of the Southern
Paper Mills (SPM). Numbers 1-8:in the Mgololo Valley area Indicate villages most likely to be affected by
the mill establishment: 1. Isuala, 2. Kiyowela, 3. Magungali, 4. Makuugu, 5. Mabaoml, 6. Lugema,
7. Lugolofu, 8. Kitasengwa.

In January, 1977, the Tanzanian govern­
ment formally authorized the construction
of an integrated pulp and paper mill in the
Mufindi District. Since colonial times, the
area has h"ad substantial pine plantations,
for which no efficient use was found until
the first comprehensive feasibility study
for pulp and paper production was pre­
sented in 1964. The present concept dates
from 1974 and forms part of Tanzania's
10l1g-term industrial strategy (1). The gov­
ernment expects the project to. have effects
on many sectors of the national economy
and on the development of the rural area
surrounding the site. It should be pointed
out, however, that the idea was -not
launched as a rural development project.

The mill will produce groundwood and
sulfate pulp to be processed in two paper
machines. With an annual capacity of
60.000 tons of' industrial and cultural
grades, SPM will cover 80 percent of the
country's paper needs. One of the paper
machines started operating in May this
year. The project costs (excluding infra­
structure) are estimated at $250 million
(2). The principal backers, apart from the
Tanzanian government, are the World
Bank, the Swedish International Develop-

:"ment Authority (SIDA), the Kreditallstalt
fi"irWiedcralljball, the Kuwait Fund, the
OPEC Sp~u,d FUlld. th~ NlIlllic Invest­
ment Bank, tin: Ild"p"iln EC(lllomic
Community and [he CGll1lTlollwealth De­
velopment Corporatiun. Other large-scale
commercial enterprises pres~ntly operat­
ing in the district are the saw mill at Sao
Hill, supported by NOr\\ egian aid since the
mid-1970s, and ~everal tea plantations es­
tablished in the 19..Hh on expropriated
German farms.

The site selected for the mill comple'x is
situated in Mgololo Valley a few kilome­
terssoutheast of the Mufilldi Escarpment
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Oblique air photo of the Kllombero flood plain 150-200 km downstream from the mill. The Kllombero
Valley Is an Important spawning and fresh-water fishing area. It has considerable Irrigation potential.
Photo: C. Chrlstlansson.
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the limited cont<rnt of organic matter. ~rOl'­
soil pH values vary from 5.1 to 5.7 in tilt'

Mgololo Valley, and from 4.5 to 5.5 in t/1
tea plantation areas (5). The local fore e

,:

resources, which are mainly used as housl'
hold fuel and as building. material, Val)
from one village to another. Some villages
have only one or two percent of their total
area under woodland. Common woodland
communities consist of Parinari, Brach}­
stegia, Cambreturn and Uapaca species, re­
latively slow-growing and with low wood
content. Rivorine forest with dense stands
of Syzigiwll occurs along streams (6).
Game is sparse near settled areas, but to­
wards the south where there are extensive,
virtually uninhabited areas, buffalo, lion
leopard, antelopes and gazelles are found
(7).

Traditional Land Use
On the average between 5· and 15 percent
of the total land area of each village is
under cultivation. The agriculture prac­
ticed is generally of simple· subsistence
character. The technique applied is rota­
tional fatlowi-ng, an intense type of slash­
and-burn cultivation with short fallow
periods and some use of cattle manure.
Each household cultivates on an average
of 2.2 to 4.8 hectares, often distributed on
several separate fields to maximize the
ecological advantages of different areas.
The staple crops grown are maize (corn),
millet, beans, sweet potatoes and cassava,
supplemented by a number of secondary
crops (4).

The agricultural potential is low due to

ly higher in the Mgololo VaHey and lower
on the Mufindi Plateau. Particularly dur­
ing the months of July and August, the
weather is cool and. misty, with minimum
temperatures below lO°C. .

The northern part of the 'plateau drains
toward the northeast, while the southern
part .and the Mgololo Valley drain south­
ward via the Kigogo-Ruaha River and
other small streams flowing down the es­
carpment. Kigogo-Ruaha is a well-oxyge-'
nated, oligotrophic stream hosting a vari­
ety of invertebrate and fish species. The
stream has a width at the mill site of ap­
proximately 10 m and a depth of one to
two meters. The average discharge is 10
m3/sec., but there are considerable vari­
ations between seasons. The maximum
discharge is estimated to 200 m3/sec., while
the 30-year dry season minimum is 1.3 m3

•

Fifty-five km downstream from the mill
site, the Kigogo-Ruaha flows into the
larger Mnyera River. Via Kilombero and
the lower Rufiji, the drainage reaches the
Indian Ocean.

Topography and Vegetation
The Mgololo Valley is situated at an al­
titude of 1,200 meters. It is characterized
by poorly drained grassy plains that pass'
into wooded rolling hills toward the south.
Still farther south the woodlands give way
to open grasslands, probably a result of
earlier frequent forest and hush fires. In
this treeless, hilly landscape erosion pro­
cesses are very active, with gully develop­
ment and landsliding.

The Mufindi Plateau, with an average
altitude of 1,800 meters, slopes gently
from the escarpment toward the north.

Near the escarpment, because of the
higher rainfall, montane rain forest forms
the natural vegetation. However, the total
forested area has decreased considerably
during the last decades due to the estab­
lishment of tea plantations and the expan­
sion of peasant agriculture. The central
part of the plateau has long been in­
habited. Thus, apart from forest planta­
tions, the original savanna vegetation is
now to a large extent replaced by peasant
cultivations and forest plantations.

Climate and Drainage
On the Mufindi Plateau there are a
number of stations where climate are
measured. The Mgololo area, on the other
hand, lacks current climate records (3).
Except at the highest altitudes, a typical
savanna climate characterizes the area,
with a wet period from November to April
and no, or insignificant, rai.:;all during the
rest of the year. The annual rainfall at the
site of the mill was 1,194 mm in 1981. On
the upper edge of the escarpmen~ the pre­
cipitation is higher, in places over 2,000
mm per year. It then diminishes away from
the escarpment so that 40-50 km to the
northwest itis only 1,000 mm. The average
annual temperature is around 20°C, slight-
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ten the rule than the exception, and trans-
port and administrative imperfections

, have burdened the project ever since 1977.
A further problem is forest fires that re­
peatedly devastate considerable plantation
areas. Fear has been expressed· that com­
petition for the wood resource would arise
between ,the sawmill and the paper mill.
The sawmill investment is only two' per­
cent that ofthe pulp and paper mill. Thus,
the paper production would be given
priority, with the consequence tqat the
trees would be felled before they reach the
best dimensions for saw logs (11).

The question about a possible shortage
of raw material has also been linked to the
fact that lack of wood for fuel and building
material is an acute problem in large parts

Tea plantations have partly replaced natural montane rain forests on
the Muflndl Plateau. It Is now feared that 502 emissions from the mill
may haveconslderable'lmpact on both the plantations and the natural I

forest ecosystems. Photo: C. Chrlstlansson.
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'originally planned, a shortage of pulp
wood would have occurred in the early
1990s, necessitating importation of pulp
(9). Now that the start of operations is
delayed and additional plantations will
have reached the recommended felling
age, the wood supply situation is im­
proved. There' are, however, numerous
risks involved in plantation enterprises in
tropical areas. Thus, for instance, the re­
,suits of the 1975-77 plantation activities
were very disappointing, with a low rate of
seedling survival. The responsible au­
thorities blamed the ... ituation on "un­
natural drought, ,unslIllable planting
methods, lack of. transport facilities and
administrative problems" (10). However,
in savanna c1imate5 droughts are more of-

,It
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THE WO,OD RESOURCES
The forest resources that will be utilized in
the pulp mill' ar~ situated on the plateau"
above the Mufindi Escarpment. Primarily'
Pinus patula and Pinus elliottii and some
eucalyptus will be used in the processes,
together with waste wood from the Sao
Hill sawmill. It has been questioned
whether the existing plantation area
(14,600 ha in 1982), supplemented by ad-

,ditional plantation programs, will be suffi­
cient as a basis for both the pulp and'paper
mill and the sawmill. The pulp niill will
consume some 287,000 m3 of wood per
annum, and to produce that amount a total
plantation area of 19,000 ha is "required
(8).

Had the mill started operating in 1982,as



View of the Mgololo Valley at sunrise. Morning
mist and smoke from grass fires have accumu­
lated below the escarpment during the night.
Later In the day, when the air Is warmed, it will
rise, bringing with It ash particles and other

I pollutants. .

I'
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of Tanzania. Thus. the SPM project is con­
sidered questionable bec<\use it locks up
resources that could have been used in
other forestry projects. For the amount
spent on the pulp and paper mill project
some 5,000 villages could each get a village
forest of '100 ha (11). and the need for
village forests is acute. Gut of 34 million
mJ of wood used in Tanzania in 1973, 33
million went to fuel households ..

RESOURCE CONFLICTS AND
ENVIRONMENTAL IMPACT
The establishment of the mil1 strongly in­
fluences both the socio-economic structure

! and the natural environment. New groups
of users successively demand shares of re­
sources not yet utilized or already utilized
by others. Therefore, it is important to

BEST AVAILABLE COpy

analyze how social and environmental fac­
tors interact when new demands are
placed on available resources, and which
conflicts this process may cause. In the
case of Tanzania. there are a number of
situations in which prima,ry-resource users
encroach on each other's areas of interest
with far-reaching consequences. The
following are some obvious examples that
apply to the SPM project:

- The establishment of a new mill town
and the substantial immigration into the
area wil1 calise competition for arable
land, building material and energy.

- Unavoidable air and water pollutants
will affect the natural ecosystem in parts of
the area.

- Food requirements have already in­
creased dramatical1y. Areas npw covered

by grass, bush or l woodland arc being
cleared for cultivation. If no countermea­
sures are taken. treeless areas \vill soon
expand around the villages. A comparison
can be made with other parts of Tanzania
in which land degradation has been ob­
served, not primarily because of difficult
physical conditions but· as a result of
changes in the land-use pattern..and land­
use methods caused by increasing popula­
tion pressure (12).

\
DISPOSAL OF WASTE WATER
There is very limited experience in Tan­
zania with the treat'ment of industrial
wastes. as practically all industries in the
country have thus far emitted wastes and I
by-products to the surroundings without ..:,
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basisfor the ditch, presently hosts fish and
freshwater arthropods 1'(14). The impor­
tance of the surrounding permanent and
seasonal marshlands to the life cycles of
aquatic organisms in that ecosystem is not
known. However, in other parts of the
world, such areas have proved essential 'to
the survival of several species.

Nevertheless, individual families do fish
when there is free time in order to add
Kambare (Clarias m05sambicus) , Relege
(Tilapia sp) and Mkunga to their diets ..
This activity takes place mainly during the
dry season:

Kigogo-Ruaha River
When the-effluent finally reaches the river,
a serious potential effect is oxygen deple­
tion. The Swedish Water and Air Pollution

-------....=-....:-_~--_-:----_-::....:-_-_-:-----~-
- OPEN DITCH 5km to Ki 0 0- Ruche River ~

POSTSETTLING POND

---_.__..•- ..._.--------- .....
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Flgllre 2. This diagram of an external effluent treatment
system tracks the. flow of waste from the sewers. After
mechanical screening, the effluent reaches the clarifier
where sedimentation takes place. The slUdge Is then led to
the sludge thickener, dried In a drying bed, and finally
deposited In a waste disposal site. The remaining liquid In
the clarifier Is led Into the aerated lagoon for degradation
of organic substances. Three to eight days later It wiU be
let out into the Klgogo-Ruaha (22).

----------------------------
----_._-------~------------_._-._---------------------------

DRYING BED

Effiuent Treatment
The mill sewer leads to an external ef­
fluent treatment plant (see Figure 2)
where sedimentation takes place, followed
by degradation of organic substances in an
aerated lagoon. The first intention was to
construct a pipeline to transport the tre­
ated effluent fr0111 the' mill site Jothe river.
The latest decision is, however, to dig an
open ditch instead, the advantages being
lower costs and continued oxidation as the
effluent' flows the five kilometers to the
outlet into Kigogo-Ruaha. A clear disad­
vantage is that the marshy area between
the mill and the river might be so flooded
in the rainy season lhat till' ditch ceases to
function as planned and the effluent
spreads in the marshy an~a instead.

A narrow creek that will be used as a

:If
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proper treatment.
The K~gogo-Ruaha River and its

tributaries will provide water for all indus­
trial processes- at SPM and for the new
township. The river will also receive et-.y
fluents from the mill and the town and,'
even now, supplies the local population
with water for domestic purposes.

Relatively few settlements are to be
.~ found downstream of the mill along the

Kigogo-Ruaha and. Mnyera. Farther
, downstream, in the Rufiji River basin,

denser populations are found. One part of
the basin, the Kilombero floodplain,
supports a commercial fishery with a mean
annual catch in the 1970s of 4,660 tons and
a potential' catch of 25,000 tons (13), just
as much as Tanzania catches today in its
par~ of Lake Nyasa.



Research Institute (IVL) has in an oxygen­
balance calculation (15) showed "oxygen
depletion not to be a serious problem" at
the intended removal percentage of the
aerated lagoon-80-85 percent BOD
(biolo,gical oxygen demand) reduction. If
the treatment is less effective, due to acci­
dental spills or some temporary break­
down in the plant, the entire fish fauna
could die out.

The suspended solids discharged into
the Kigogo-R:uaha, and the color of the
effluent, are expected to restrict light
penetration, which might cause decreased
algal growth and a reduced fish popula­
tion. More serious, however, is the toxic
content of the effluent. It will contain resin
acids and fatty acids, which are both toxic'
to fish at approxiriultely 1.0 mg/I, and have
sublethal effects (i.e., they injure the or­
ganism but do not cause immediate death) ,
at approximately 0.05-1.0 mg/I (13). Even
more toxic and resistant to biodegradation
are the chlorinated resin acids from the
bleaching' plant. Chlorinated phenolic
compounds, products of chlorinated lignin
degradation, accumulate rapidly in fish
flesh, giving it a taste and odor' disliked by
most people. At high concentrations the
fish would be dangerous to eat.

The untreated condensates give rise to
organosulfur compounds and hydrogen
sulfide (HzS). It is uncertain whether the
organosulfur compounds will all be, ox­
idized before being discharged from the
post-settling pond. They will affect the
taste of the fish and the water if they reach
the river. Before reaching the Kilombero
floodplain, however, they will be oxidized.

The likely concentrations of toxicants in
the treated effluent are difficult to esti­
mate and little can be said about the pos­
sible effects. It should be noted, however,
that only at maximum river flow can the
desired dilution of 1:30 be achieved or ex­
ceeded (16); during the dry season it could
be 3-7 times lower.

Possible Effects on Domestic Water
Supplies
No noticeable adverse effects are expected
on the Kilombero floodplain provided the
effluent treatment plant meets the design

l'criteria (e.g., 85 percent BOD reduction).
The plain is so far downstream that
biodegradation and dilution will have re­
duced the effects along the way" though
toxic organic substances could possibly be
noted in tainted fish flesh. Apart from the
fact that the aquatic ecosystem of the
Kigogo-Ruaha may be brought out of bal­
ance. the main concern is how the villages
in the vicinity of the mill use the river.
Lugema and Makungu (Figure 1) depend
entirely on tributaries for drinking water
and have no organized fishing.

The inhabitants of the village just beside
the mill, Mabaoni, bring their drinking w.a­
ter from a spring close to the outlet of the
effluent treatment plant. If tl.:':-·-effluent

, should flow towards the spring instead of
along the planned ditch, the effects could
be disastrous'. Furthermore, the ground­
water might contain heavy alloys, bacteria
'or toxic components from the sludge and
ash deposited on land. The soil properties
and groundwater movements at the dis­
ppsal site have not yet been investigated.
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As the mist rises it
cools and the moisture
precipitates on the tea
plants and the forest.

At dawn the sun warms the
air masses and the valley
air rises slowly up the
escarpment.

During the night gaseous
emissions accumulate in
the cold airin the valley.

BEST AVAIL48LE COpy

g
STILL AIR

Valley

Valley

Valley

" . ,,'
Figure 3. IIIlJstration of the distribution of gaseous emissions from the mill to the raln·forest re,serves and
tea plantations of the Mufindi Plateau (22).

------------------'---------------------
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EMISSIONS INTO THE ATMOSPHERE
A major source of emissions, apart from
the traditional in-plant sources at an inte­
grated sulfate mill, is the power boiler
burning coal, oil and bark. The surround­
ing ecosystems will be affected in three
ways: \
a) high ambient concentrations of totally

reduced sulfur compounds (TR5), sul­
fur ~ioxide (502)' dust and possibly ni­
trogen oxides (NO x)'

b) dry and wet acid deposition,
c) deposition of particulates.

For most of the year the prevailing
winds are toward the north-northwest and
west-northwest (17). In those directions
there is little cultivated land to be found in
the immediate vicil1ity of the mill, but a
few kilometers away there is a village, Ma­
gunguli, with several hundred households.
However, atypical sulfate mill odor will be
spread in all directions from the mill.
Some officials anticipate protests from the
local population while others argue that it
will be "the smell of progress" against
which nobody wiIl protest.

Southern Paper Mills is planning to run
a company farm and the employees will
have private lots. Depending on' the sen­
sitivity of the crops to the air emissions,
the yield~ might be reduced when the mill
starts producing. A general acidification of
the soil will undoubtedly occur with time,
but how long it will take and how large an
area will be affected is, not known.

Tea ~Ialltati:ns-an Jpportunity Cost?
The most immediate concern about air
emissions emanates from the tea planta­
tions some six to nine kilometers north and
northwest of the milI, and has been voiced
mainly by Brooke Bond Tanzania Ltd.
(BBTL), the largest tea grower in the

'area, with about 2,500 ha of plantation
land. Two of the company's most pro.
ductive plantations are located downwind
of the.mill site. These plantations are also
flffected' by local atmospheric circulation
o~curring frequently from March to May
and occasionally during the rest of the year
(Figure 3) when cold, moist air accumu­
lates in the valley during the night· and
starts rising along' the escarpment as it is
warmed up in the morning. If emissions
from the mill have been concentrated in
the cold air, they will move ,upwards as the
air rises and be deposited with fog or rain
on the tea plantations during the course of
the day. This rising "morning fog" has
been observed for several years, the ques­
tion is how ~igh a concentration of emis­
sions will be contained in the fogand rain..

The tea growers are worried that S02
and TR~ might affect the metabolism of
the young tea leaves and that the odorous
gases might be absorbed by the tea plants.
The ultimate factor to consider is, of

... ~ • course, the flavor of the tea. According to
the Chairman of BBTL, even a minor

(' change in flavor would render the crop
valueless and thereby worsen the already
serious strain on Tanzunia's balance of
payments. A large proportion of the fore­
ign capital earnings from tea export is
made by BBTL.

As for acidification, the soil now has a
pH value of approximately 5. The ideal
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All villages In the Immediate vicinity of the mill site have experienced considerable immigration dlJring
, the last few years. Se«lements and cultivations are spreading to deforested, erosion-prone slopes.
Photo C.'Chrlstlansson.

value for tea growing is between 4.5 and
5.5 (18), which suggests that a slight
acidification of the, soil would not affect
the tea to any considerable degree.

However, nobody knows what the buf­
fer. capacity is in this tropical soil, which
has an average pH value just above the
lowest acceptable for most 'crops grown in
the area. This makes it probable that it
would not take much acid deposition to
severely affect the agricultural potential in
the tea plantation area.

The Forest Reserve
Between the two above-mentioned ,tea
plantations is a forest reserve, the Kigogo
Forest. It is a montane rain forest that
regulates the run-off pattern in the area;
without it the river flow would fluctuate
heavily. If the water level in the Kigogo­
Ruaha River should start fluctuating more
than usual, the amount of water available
for the mill and the township might be
seriously reduced.

The forest _is part of the Tanganyika­
Nyasa mountain-block chain with forests
well-known for their diversity and endem­
ism (19). The reserve hosts a spectacular
variety of' reptiles and amphibians, some
of which have been found only there. The
bio,logy of these species-eating 'habits,
breeding habits, etc.-is virtually un­
known. The bird life is exceptional and the
forest is a "type locality" for animals like
(hamaeleo laterispinis (spiny-sided

chameleon), Melalloseps ater uzungwellSis
(Uzungwa limbless skink), Bufo llzung­
wensis (a toad kno~n only from the
Uzungwa Mountains, of which the Mufin­
di scarp forms the southwestern part) and
Cryptomus hottentotus occ/usus (a bl~s­

mol), etc. (20).

INDIRECT EFFECTS OF THE MILL
Apart from the direct impact on air, water
and soil a number of indirect effects on the
environment are likely, and some have'al­
ready occurred. The immigration into the
area is considerable. Lugema village, for
instance, which is situated near the mill
site, received during a short period in late
1984, 120 applications from households
that wanted to become village members
(21). And the village had already in­
creased its population markedly during the
last few years.' Moreover, a completely
new village, Mabaoni, has sprung up near
the mill site. Large areas that were not
cultivated in 1983 are now covered by
cleared land and homes~eads (22).

Changes in Infrastructure and Socio­
Economy
The regional plan for the Iringa region
contains no details ahout land use in the
southern part of Mufindi District. Alterna­
tives mentioned in general terms are forest
plantations, coffee plantations and ranch­
ing (23).

Land belonging to three villages has

. :l"
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Repeated burning of undergrowth In a woodland
area kills the woody vegetation, resulting In an
open landscape less protected against erosion.
Photo: C, Christiansson.
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Public health problems and plant­
tissue damage

Decreased production potential, locals
less able to support themselves, less
wildlife, higher yields

Fewer fish, reduced species diversity,
reduced algal growth and possibly less
fish '

Ecological effect

Fewer fish, reduced species diversity

Reduced algal growth and possibly
fewer fish
Fewe.r. fish and arthropods, impaired
fish taste, risk of toxicity via fish and
drinking water
Reduced algal growth and possibly
fewer fish, decreased amenity
Amenity (migration or protests)

Damage to plants. agriculture. forest
reserves and human amenity
Damage to all vegetation

Impaired health and damaged vegeta-
tion J'

Fewer fish and diversity, reduced algal
growth and possibly less fish, impaired
drinking water

Decreased production potential, locals
less able to support themselves, less
wild life, higher crop yields
Same as above, (except higher yields)

Accidents, extlaust fumes

Fauna and flora reduced, increased
turbidity, drainage and mud flows at
waste disposal site

More open landscape, erosion, in­
creased use of fertilizers

Erosion

Drainage and mudflows at the waste­
disposal site, bacteria and heavy alloys
in the ground water

More open' landscape, erosion, in­
creased use of fertilizers'

Increased turbidity

Bioaccumulation or toxicity

Fauna and flora reduced

Initial effect

Decreased light penetration

Odor

Odor, toxicity, absorption into plant
tissue

. Acidification, absorption into plant
tissue
Deposition and impaired air quality

Increased demand for firewood and
charcoal

Occupation of land

Sewer and wastes from the township

Transportation in the area

Sludge
Ash

Color and scum

..~'
Intensification and c"·ange of land use

Odor

Totally Reduced Sulfur compounds
(lRS) (mercaptans & H2S)
SO.

Dust (particulates)

Oxygen depletion

Suspended solids

Toxicity

: Type of change
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,; Discharges
; Ie; into water
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»Into air
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been expropriated to accommodate the
mill, the township, the airport, the waste
disposal site, new roads, etc. These vil­
lc.ges now have less land for their primary
activity, agriculture. Furthermore, forest
plantatiqris are planned on land that is
presently used for cattle grazing and that
otherwise would serve as expansion areas
for the agricultural s,ector.

Establishment of the mill town means
that town inhabitants will demand land for
cultivation. As the most productive land
around the town is already used for ag­
ricultural purposes, competition will arise
between villagers and immigrants.

On the local level many positive effects
of the mill establishment can also be ex­
pected. Among these ,are improved com­
munications, improved social and com­
mercial services, and creation of new jobs.
Furthermore, the project will bring about
the introduction of telecommunications
and electricity.

But negative effects in addition to those
discussed above, and that are not directly
related to the bio-physical environment,
have begun to appear. One such effect is

; the increase in the amount of work per­
formed by women, as male'labor is re­
moved from the agricultural sector (24).

Intensified Land Utilization
Two of the most serious threats to the
environment are the uncontrolled clearing
of land to extend cultivation and the un­
controlled grass fires used to improve graz­
ing conditions. Burning is a labor-saving
clearing method that has a number of posi­
tive' effects, but it seriously reduces the
content of humus and certain plant nu-

BEST AV/\fLA8LE COpy

Soil erosion south of Klyowela village.
Photo: C. Christiansson.
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encompassing all villages in the vicinity
of the mill site and, on the other, an
inventory of natural environmental fac­
tors and resource conditions in the area
likely to be affected. '

The studies provide, fln empirical
foundation on which to construct a
number of "scenarios" describing pos­
sible future development paths and
identifying potential problems and'
areas of conflict. These scenarios may
be used as a planning instrument for
the SPM project, i.e., a support for
future decisions concerning changes in
technical design and administrative pol­
icy as well as for long-term community
planning and environmental manage­
ment in the area. The\results are also
meant to be used to assess effects of
similar industrial projects in other de­
veloping countries.

and analysis of the· planning and deci­
sion processes preceding the implemen­
tation of the SPM project. This study
not only forms an essential background
to the analysis of socio-economic and
environmental impact but will also pro­
vide valuable insight as to how the or­
ganization and design of the "pre-in­
vestment function" affect the outcome
and effectiveness of industrial project
planning.

The second and third central objec­
tives relate to socio-economic and en­
vironmental effects of the mill estab-

, lishment. These include analyses of po­
tential environmental change and the
ways \n which a number of factors in­
teract in response to the new demands
on local resources, the conflicts these
processes may cause and the way in
which these conflicts might be resolved.
The basis for this analysis is, on the one
hand, a socio-economic baseline survey

Using the Southern Paper Mills (SPM)
as a case study, the purpose of the re­
search program is to contribute to the
empirical and theoretical foundation by
which to assess the effects of large-scale
industrial investments in developing
countries. The study is a joint research
effort by the Institute of Resource
Assessment (IRA) of the University of
Dares Salaam and the Economic Re­
search Institute (ERI) of the Stockholm
School of Economics. The project in­
volves participants from the univer­
sities of Stockholm, Umea and Dar es
Salaam and the Stockholm School of
Economics. The studies are finane ~~~. by
a grant from the Swedish Agency for
Research Cooperation with Develop­
ing Countries (SAREC).

The research project is conceived as
an integrated research program encom­

, passing three interrelated studies. The
first of these concerns the description

Effects of Industrial Investnlents
in Developing Countries: An Inte- -
.grated Geographic Research Project
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20. K E Howell, Dept of Zoology, University of D'ar
es Salaam, personal communication (1984).

21. Kavenuke, village secretary,' Lugema Village,
Tanzania, personal communication (1984). .

22. J Ashuvud, l:.lfects of Industrial Investments in De­
veloping Countries: Potential Ecological Effects of
the Solithem Paper Mills: Working Paper No 8,
(BRALUP/EFI, Dar es Salaam, Stockholm,
1985).
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holm School of Economics, unpublished report,
1981).

24. F Hcdkvist and a Mascarenhas, Effects of Indus­
trial Investments in Oeveloping Countries: T"e
Mgololo Valley Woman Stlldy: Working paper No
5 (BRALUP/EFI, Dar es Salaam, Slockholm,
1984).

25. F Hedkvist, Modern storindustri-ett medel fO,. re­
gional IItI'eckling i u-Iand, in Geografi oc"
samhci//splanering, cd Ingvar Jonsson (GERUM
B:7, Umca University, Umca, Sweden 1982).

26. C Christiansson, F Hedkvist, L Hakansson, I
Kikula, A Mascarenhas and J Rudengren, Effects
of Industrial Inl'estmems in Developing CO,untries:
Presentation of the Research Project: Working
Paper No I (BRALUP/EFI, Dar es 'Salaam,
Stockholm, 1981) .

Carl Chrlstlansson, Ph.D., Is a senior
lecturer at the Department of Physi­
cal Geography, the University of
Stockholm, and has been Involved In
geographical research In Tanzania
and Kenya since 1970. He has exten­
sive teaching experience In matters
concerning .troplcal environments,
has conducted field courses in tropi­
cal geography since 1977, and serves
as advisor' to the Swed!sh Interna­
tional Developmen~ Authority (SIDA)
on tropical land-management Issues.
He may be reached af the Dept. of
Physical Geography, Univ. of Stock­
holm, S-1 06 91, Stockholm.

Johan Ashuvud, an economist with
the Stockholm School of Economics,
has recently completed a report for
SIDA on potential ecological effects
of the SPM, and a stUdy on the en-
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He was one of the founders of the
Race Rocks [marine] Ecological' Re­
serve in British Columbia, Canada.
His address: Stockholm School of
Economics, Dept. of Economics, Box
6501, S-113 83 Stockholm.

example of how present user values might
have to be weighed against one another. A
more fundamental problem is that most of
the effects mentioned in this article are of
a different kind, representing the value 'of
future options. The project was initiated
by national authorities and financed by
foreign-aid organizations and international
10ans,,.J~utan entirely different group of
people·-will have their lives revDlutionized
and their environment changed.

The typical inhabitant of, say, Lugema
Village may, in a few years, have seen his
family go from' an established, relatively
secure existence as subsistence farmers to
a situation in which it is dependent on the
demand for local labor, beer and charcoal
in a deteriorating environment. Tanzania's
development towards national self-re­
liance has its price, and· that price appears
to be reduced individual self-reliance and
fewer options for the future.

References and Notes
1. L Hakansson, Geografiska Annaler, 64, B:2

(1982).
2. Lars-Olof Jansson, Swedish International De­

velopment Authority, Stockholm, personal com­
mlllliclltion.

3. N Nykvist, Meteorological Data for the Sao Hill­
Mufinui Area, in Techllical Note (New Series) No
26 (Forest Division, Ministry of Natural Resources
and Tourism, United'ReplIblic of Tanzania, 1(76).

4. FHedkvist, Effects of Industria/. Investmellts in
Developing COlllltries: Tile Mgololo Plain Vii/age
Survey: Workillg Paper No 2 (URALUP/EFl, Dar
es Salaam, Stockholm, 1981).

5. K Burman and C Christiansson, Effects of Industri­
al Investments ill Developillg Countries: Soil
Charpctcristic;s and Land Use in tile Mgololo Area,
MI/filldi District, Tan zall ia: Workillg Paper
(BRALUP/EFl, Dar es SaJaanl, Stockholm,

. 1982).
6. 1 Kikula, Effects of Industrial Investments ill De­

I'eloping COl/lltries: A Baseline Study of tile Vegeta­
tion Around l"eMufindi Pilip and Paper Mill:
Workillg Paper No 4 (BRALUP/EFI, Dar es
Salaam, Stockholm. 1981).

7. Clll1stantine Kiwi, Village Secretary, Idete Vil­
lage, Tanzania, Perso/lal Communication.

8. A B S Kilewo, Pilip alld Paper Project, Tanzania:
An Essmtial Economicalld Social Need for the
COl/ll/ry (unpublished report, National develop-
ment Corporation, Dar es Salaam, 1978). '

9. J Lindblom, SPlpllllkrer pr/llilgra aktllella problem
ino/1/ Till/zallias skogsl>mk, in Promemoria Lallt­
bruksbyrl)1l (Swedish International Development
Authority, IlJ78).

10. E Halkjaer, Mllfilldi-ftjr uch emot, Rapport, frlm
SllJA 6 (Swedish International Development Au-

. thority. 1978). .
II. I I Ilamiltllll . .\fl/fill,li-dyrkijpt hjel/l' till sjiiI I'hjli/p ,

RIIl'l'vrt f1'4111 SIlH () ~Swedish International De­
\'elopment Authority, 1978).

12. C Christiansson, Past and Present Land Manage­
meW in Semi-Arid Tanzania: Workshop on Deser­
rification (SAREC Documentation, Stockholm,
1982). .

13. G M Bernacsek, Prelimina;y Assessment of the
Possible l!ffects of the !Ilufilldi Pilip !'tfill on Fish
Yields of the Rllfi;i 8Clsin, Tanzallia (Fisheries Di­
vision, MinislrY of Natural Resources and Tourism
and the Rufiji Basin Development Authority,
IlJRO).

14. J Ashuvud, Site Visil (198-l).
IS. Ecological 5tl1dy of, Cllld Oxygen Balance Prog­

nosis for, the Kigogo-RI/olw Ril'er DOl\'flStreom
from the Plallned Mllfindi l'lIlp alld Paper Mill
(Swedish Water and Air Pollution Research Insti­
tute (IVL), unpublished report, 1(79).

16. Jaakko Pliyry & Co, Waste Water Loads ami Air
Emissions of the lUllfindi Pulp' and Paper Mill,·
Mimeograrh H 1826-Ejph-3J( 1980).

17. Hydroconsult AB, The A1I1Jimli Pulp and Paper
Mills: Woter Supply alld /:!n'irollmelltal Impact,
unpublished rerun (11)77 J

18. M S Keeley, Chairman and tvtanaging Director of
Brooke Bond Tanzania Ltd persollal comlllllllictJ­
tion'(198-l).

19. W A Rodgers and K M I hm1ewood. Biological
}ounw{ of the Lillnellll Soci,'ty, No 18 (19K!).

discharges will not be seen until the mill
starts producing pulp and paper.

It is important that the threatened
ecosystems be studied before the foreign
industrial substances are introduced to the
environment. So-called base lines must be
established in order. to facilitate meaning­
ful repeatable scientific research. This
could provide a uniqueopportuni.ty to
amass data for future application to other'
industrial projects located . in tropical
ecosystems, as well as gather factual infor­
mation concerning the SPM project.
Southern Paper Mills needs good scientific
material to protect itself from accusations
of destroying tea plants, polluting drinking
water, etc., and Brooke Bond Tanzania
Ltd. will need substantial evidence ifit .is

. to blame declining productivity or changes
'in tea taste on emissions from the mills.

The potential conflict between growing
tea and producing pulp and paper is an

...
trients in the topsoil.

The selection of land for cultivation is
based on farmer assessment of the actual
state of the natural veg~tation. Areas with
tall trees with wide crowns and dense
canopies are considered the most fertile.
The clearing of this lal\d means that practi­
cally all trees in the selected area arc cut or
burned down without any environmental
consideration. Only trees with edible fruits
such a~ Parillari cllratellifolia (Msaula) and
Uapaca kirkialla (Mkusu) are left (6).

Clearing implies increased erosion risks.
The result of u,nregulated burning in a
savanna environmen~ is development of a
more open countryside. In the treeless,
hilly areas east and south of the mill site
active erosion is obvious. \Vater infiltrates
on the upper parts of the hills, seeps
through the soil and again emerges on the
surface farther down the slope. When tree
roots no longer bind the soil efficiently
seepage affects the st'ability of the soil (on
the hillsides) and it tends to slump or slide
down the slope. The erosion sear on the
photo on page 132 covers several thousand
m2 and is the effect of a combination of
slide and channel erosion processes. This
suggests that land degradation quickly can
reach serious proportions.

The pressure on forest resources is
further increased by the growing demand
for fuelwood in the expanding village. The
production and sale of charcoal has also
become a, profitab~e business for the .in­
habitants. Other expanding activities are
brick 'production and Ifhe brewing of local
beer, placing addition:~l demands on fuel-
wood resources (25). .

UNCERTAINTY AND THE VALUE OF
PRESERVATION
A large industrial project of this kind is
expected to benefit the entire nation by,
for example, improving the balance of
trade and increasing technical know-how.
Before the project got underway, costs
and benefits were' discussed at len£!th, but
the feasibility study did not take ~up any
pqtential ecological or socio-economic
effects. Uncertainty regarding such exter­
nal effects did not, however, delay the au-
thofization of the project. .

In 1978 an integrated research project
wa.~, initiated by the Institute o~ Res.llurce~

Asscssmcnt (IRA) at thc Ul1\vcrslty ot
Dar es Salaam and the Economic 'Re­
search Institute (EFI) at the Stockholm
School of Economics to contribute to the

, empirical and theoretical foundation with
which to assess the effects of large-scale
industrial investments in developing coun­
tries (Box) .. Th~ SPM project was chose~

as a case study, and the results are ex'­
pected to serve 'as useful instruments in the
planning process at the district level (26).

Incorporation of External Effects in the
Decision ProcessD::

, Whether the external effects are explicitly
"incorporatedin the decision process, i.e.,

in monetary terms, or assessed in somt;
multidimensional impact analysis, the
effects must at least have been identified
and quantified. Th'e indirect effects are re­
lated to the e?tablishment of the project as
such, and can therefore be registered to­
day. The direct effects from emissions and
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