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OBJECTIVE

This 1is a retrospective study to establish the

pattern, mode of presentation and methods of

management of secondary hypertension by surgical

means.

REASONS FOR THE CHOICE OF THE PROJECT

1v)

To highlight the curable aspect of hypertension

To provide a clinical colleration of signs
and symptoms and mode of presentation of
the different forms of secondary hypertension

in our set up.

To provide a brief description of some of
these conditions as seen at the Kenyatta

National Hosntial.

To evaluate the effect of recent advances
in technology in the management of secondary

hypertension.



SUMMARY

Secondary hypertension contributes 5-101
of all forms of hypertension iIn general. A
smaller number of those with secondary hyper-
tension undergo surgery to correct the hyper-

tension .

In this study, a total of 34 patients
were collected over a ten-year period - from
January 1977 to December 1987. This 1is out of
a total number of 1,325 recorded and diagnosed
as hypertensives representing 2.6% . Fourteen
had Cushing®s syndrome, 12 had coarctation of

the aorta and 8 had phaechromocytoma.

Cushing®"s syndrome presented with symptoms
of polyuria and polydipsia in all patients and
general body swelling in 50%. Common signs
included a raised blood pressure 50$, skin hyper-
pigmentation 50% and abdominal striae 50%.
Elevation of serum cortisol levels and estimation

of 17-ketosteroids in urine confirmed the diagnosis

Anatomical localisation of the tumour was
possible iIn 50% of the cases using ultrasound,
skull x-rays and CT scans. 50$ of the patients

had surgery, 5 had adrenalectomies and 2 had



hypophysectomy. The rest were awaiting surgery.
Good blood pressure control was achieved In 5
patients, while one had a fair blood pressure
control and the other, no control was achieved.

There was no mortality.

12 patients were found to have coarctation
of the aorta. Three were children who presented
with heart failure, cyanotic attacks, and failure
to thrive. The adults presented with a rised
blood pressure. 7S% of the patients had femoral
pulse delay and confirmation of the diagnosis
was made with aortograms and echocardiography.
Nine patients were operated on and 6 had prosthetic
repair; end to end anastomosis was possible in
one patient, the last one had a prosthetic by-pass
operation. Good pressure control was achieved in
7 patients. No change iIn blood pressure was noted
in 2 patients. There was no operative or post-

operative mortality.

Phaechromocytoma was found iIn 8 patients.
Presentation was mainly with paroxysmal attacks
of palpitations, headaches and excessive sweating.
Elevated blood pressure was present in all the
8 patients. Diagnosis was confirmed by elevated
levels of serum catecholamines and demonstration

of the metabolic product, vanillylmanderic acid

(WA) in urine.



Anatomical localisation of the tumour was
possible with ultrasound and I.V.U. and using
the modern CT scan. 7 patients were operated on.
Five patients had adrenalectomies for the removal
of the tumours, one had a tumour localised in
the bladder which was excised and one had a tumour
localised in the organ of Zukerkandl. In one
patient, the tumour was not localised even after
exhaustive search at laparotomy. Good pressure
control was possible iIn three patients. 3 had
fair blood pressure control and iIn one there

was no control (tumour not removed).

Although the incidence of these diseases 1is
low, it is Important to emphasize the usefulness
of a careful history, good physical examination
and a thorough screening of all hypertensives.
With the modern ultrasound, CT scan,f£elective
angiography, the anatomical localisation of the
primary lesion should be nossible. It Is important
to do serum hormonal estimation of cortisol and

catecholamines where there is a high index of

suspicion, of phaechromocytoma ot* Cushings

syndrome.



INTRODUCTION AND LITERATURE REVIEW

Every vessel through which blood flows has
a blood pressure related to the product of the
blood flow and the resistance of the vessel.
The differences between pressures iIn various
blood vessels were appreciated more than 500
years ago by the medieval artist, Giovanni di Paolo
(1433). In his painting of the beheading of
St. John the Baptist, he portrayed three streams
of blood from the severe neck, one dripping and

the two spurting.

Reverend Stephen Hale an English clergy-
man was the first to measure blood pressure directly,
in a horse iIn 1733. He measured the height
of a column of blood iIn a vertical tube iInserted

into an artery.

After approximately 100 years Poiseuile (1828)
connected a mercury U-tube to a cannulated
artery and because of the density of mercury,
the column raise was modest, thus making indoor
measurement of blood pressure feasible. Richard
Bright (1836) made the next step when he described
cardiac hypertrophy, dilated aorta and arterial
disease iIn glomerulonephritis and ascribed the
cause to increased renal vascular resistance

produced by distorted vessels. He however, did



not have the means of measuring blood pressure.

Frederick Akhbar Mohamed (1879) noted that
hypertension may preceed the proteinuria in
Bright®"s disease and later was probably the first
to describe what is knwn today as essential
hypertension. Measurement of arterial blood
pressure became conveniently possible when
Scipione Riva Rocci (1896) improved on an
ealier form of sphygmomanometer. Sir Clifford
Allbutt (1896) made a fundamental advance when
he recognised the distinction between hyper-
tension due to renal disease and hypertension

without renal disease.

At the turn of the 20th Century, the following

important discoveries were made:-

1. Tigestedt and Bergaman (1898) isolated
a pressor substance from the renal cortex

which they gave the name “renin”.

2. Beaujard (1904) observed a positive
chloride balance iIn hypertensives and
implicated the chloride ion in the
pathogenesis of hypertension. The
chloride i1on was easily measured with the

technology of that time.



As laboratory methods improved, the emphasis
shifted to the sodium ion. During the same period,
Recklinghausen noted high levels of blood
pressure iIn obese patients when small cuffs were
were used and vice versa. He initiated the standard

cuff size (12.5 an) used today.

Korotokoff (1905) described the five sounds
heard over the brachial artery distal to the

cuff as the cuff was deflated.

Janewy (1913) (U.S.A.) was the first to
emphasize the importance of blood pressure in the
prognosis with respect to heart failure, renal
failure and stroke. Vorhadt and Fahr (1917)
differentiated benign from malignhant hypertension,
describing ™the rapid downhill course with diffuse

necrotising arteriolitis in the malignant phase”

The examination of retinal changes In hyper-
tension was made by Moore (1916) and Gunn (1926) .
However, the close relationship of fundal
changes to prognosis was clarified by Keith Wagener

and Burke (1939) .



The studies of renin and the role of salt
were ressurected in the late thirties when it
became possible to reproduce hypertension
experimentally by Goldblatt (1934). He
constricted renal arteries of dogs and produced

artificial hypertension.

Another revolution iIn the understanding
of hypertension was made when ganglion blockers
cane Into use iIn early 1950. Since then the
beneficial effects of treating moderate and severe
hypertension became obvious. Before that, hyper-

tension was treated with Kempner rice, fruits
and salt free diet.

Studies iIn the last 30 years by Stamler
(1967) and Kirnel (1972) and Insurance Companies
indicate that hypertension is one of the commonest
diseases iIn the Western world and the single most
imnortant factor is the pathogenesis of cardio-

vascular disease.

The African experience unfolded later:
Donnison (1926) . In a study of a thousand
people in Nairobi, reported no evidence of
hypertension in the Africans. Vint, (1929)

did a one year post mortem study in Kenya and



reported no evidence of the disease. Jex Brake
(1934) , in a report of thirteen years clinical
experience in East Africa, reported no evidence
of hypertension. The same conclusion was made

by William in a report of 1941-1942.

The Tfirst cases were reported by William
in Kampala iIn 1944 where he saw 23 cases of
essential hypertension and 43 cases of renal hyper-
tension. Since then many other workers have
reported the many cases seen In their respective
practice. Among the noted reports are those
of Davies 1In Uganda (1948) , Ahren and Mutembei
(1984) in Tanzania, Haregewoin in Ethiopia (1982),
Akinkgube iIn Nigeria (1969) , Mokhobo iIn Lesotho
(1976) and Levitt and Obineche iIn Zambia (1974).

From these reports, hypertension iIs a common
disease and seems to nresent at an earlier age
group. This contrasts with the situation in the
western world where the disease Is seen at a
later age. The form seen at an early age 1is
usually the secondary form amenable to surgical

correction.



Defination of Hypertension (WHO) (28)

This 1s elevated blood pressure taken In a
recumbent or sitting position of greater than
160790 mmHg. In adults values of 140/90 mmHg
were initially regarded as normotensive. But with
later reports, readings between 140/90-160/90 mmHg
in a young person below the age of 30 years are

to be regarded as borderline cases.

Classification of Hypertension

This 1s based on W.H.O. classification and
iIs modified to reflect the surgically correctable
conditions. The aetiological classification is
used because it defines specific clinical entities
and their pathogenesis, and gives a rational basis

of their treatment.

Hypertension falls under two broad categories

1. Essential

2. Secondary.

It iIs the secondary that is our concern in

this study.
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Secondary

a) Renal - polycystic Kkidney
- hypoplastic atronhic kidney
- tumours (WilIm’s Renin producing)
- trauma
- acute/chronic glomerulonephritis

- pyelonephritis (unilateral)

b) Vascular - coarctation of the aorta
- renovascular lesions
- Takayasu’s arteritis

- A.V. Tistulae

¢c) Endocrine

1) Adrenal - phaechromocytoma
- primary aldosteronism
- adreno genital syndrome

- Cushing’s syndrome.

i11) Thyroid - hypothyroidism/ohyperthyroidism

iii) Parathyroid - hyperparathyroidism

d) Neurogenic - brain tumours.

- raised iIntracranial pressure

- bulbar poliomyelitis.
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e) Miscellaneous - carcinoid syndrome
- hypercalcaemia

- toxaemia of pregnancy

The conditions discussed are the endocrine
(phaechromocytoma, Cushing’s syndrome) and
vascular (coarctation of aorta) components.
Other conditions which are found Wilin*s tumour,
renal diseases) were treated and operated on for
the primary disease. In most instances, the nature

of the blood nressure was not indicated.

Pathophysiology of Secondary Hypertension

Blood pressure is a reflection of peak left
ventricular pressure and the resistance iIn the
systemic vascular tree. The blood pressure is
maintained within a normal range by neural and

humoral mechanisms.

In secondary hypertension, there is pathological
evidence of a primary disease. The primary sites
commonly involved are the kidneys, endocrine
glands and the aorta. Tumours of the adrenal
cortex (zonaglomerulosa) lead to primary
aldosteronism (Comn®s syndrore) (29). The involvement

could be a solitary adenoma, multiple adenoma/



carcinoma or bilateral adrenal hypernlasia.

In Cushing’s disease, there is often tumours,
which could be microscopic, of the basophil or
chromophobe cells of the anterior pituitary gland.
Less commonly, the syndrome may be due to benign
adenoma of the adrenal gland, ectopic adreno-
corticotrophin (ACTH) producing tumours, exogenous

ACTH or corticosteroid administration.

In phaechromocytoma, which may originate
from the adrenal gland itself or from any part
of the chromaffin system, there 1is iIncreased
secretion of catecholamines leading to paroxysmal,

or persistent hypertension.

While iIn coarctation of the aorta, the cause
of hypertension is disputed, whether the peripheral
resistance of the coarctation and collateral vessels
per se is sufficient cause, or whether the renal
mechanism is involved is a matter of debate. In
renal artery stenosis, the reduced perfusion
pressure iIn the kidney sets off the renin angio-

tension mechanism thus elevating the blood pressure.

Evolution of Surgery in Management of Hypertension

Medical treatment of hypertension has made
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tremendous progress. Surgery too has made
tremendous strides as better diagnostic techniques
improve in localising primary lesions which

cause hypertension.

Initial surgical management was non-selective
The only criteria being severe uncontrollable
hypertension. Page (1932) noted that anterior
root ressection (which required laminectomy)
reversed the eye changes in hypertension, but
the level of blood pressure and the course was
unaffected by the operation. Surgery for treat-
ment of hypertension was first attempted by Pieri.
He did sympathectomies despite the knowledge at
that time of the role of kidneys iIn the patho-
genesis of hypertension. It was noted that the
most extensive sympathectomies provided the best
chance of at least temporary control of blood

pressure.

Peet (1935) did 300 supradiaphragmatic
sympathectomies and reported a reduction of blood

pressure in 57% and relief of symptoms in 86.6%

Allen and Adson (1940) performed
subdiaphragmatic extraperitoneal sympathectomies
with resection of spalanchnic nerves, part of
the coeliac ganglion and upper lumbar

sympathetic trunks. They reported
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13% good response iIn 224 cases, 18% fTair response

and poor results in 30%.

Smithwick (1948) extended the sympathectomy
to include the sympathetic chain from thoracic
vertebrae to lumbar vertebrae. Taking with him the
splanchinc nerves, morbidity was high. Post-operativel
patients developed atelectasis, pleural effusion,
pneumothorax and distrubed ejaculation. In all
these sympathectomies, success was temporary and

complications were debilitating.

Grimson (1949), disappointed by the failure
of these operations devised even more radical
procedures. He did sympathectomies plus bilateral
adrenalectomies. The response was disastrous
as post operative complications were numerous
and hormonal replacement at that time was poor.
The role of surgery heightened when Millez and
Technakoff demonstrated the beneficial role of
unilateral nephrectomies in unilateral hypoplastic

kidney disease.

As hypertensive drugs became more effective
in controlling the blood pressure and research 1In
the aetiology of hypertension succeeded in
revealing more cases of curable disease, the
indication for surgical treatment of hypertension

became more specific.
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Hopefully with technological advancement

more curable conditions will be revealed.
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REVIEW OF SOME SURGICALLY CORRECTABLE CONDITIONS NOT
INCLUDED IN THE STUDY

1) Renal artery stenosis
ii) Primary aldosteronism
i11) Adrenal genital syndrome

iv) Unilateral parenchymal disease

Renovascular Hypertension - Goldblatt

Cases may have been mised because of filing
problems. Otherwise it is the second commonest
cause of surgically curable hypertension after
coarctation. The pathophysiology of this disease
was demonstrated by Goldblatt in 1934 shortly
after the renin-angiotension was demonstrated by

Page, Helmer, and Mendez.

The First arteriographic demonstrution of
an occluding lesion to the kidney was by John
do Santos (1927) . It was not until the advent of
new arteriographic techniques and advances in
vascular surgery by De Camp and De Bakey (1979)
that proved that normal blood pressure could be
restored iIn hypertensive patients with careful
reconstruction of stenotic lesion in the renal
artery. Otieno and Odhiambo (1983) described

12 cases of renovascular hypertension treated In
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Kenyatta National Hospital with satisfactory

results.

Aetiology

Atherosclerosis accounts for 80$% of cases
in the western world, while iIn the cases described
by Otieno and Odhiambo, six of the twelve patients
(50%) were due to fibromuscular hyperplasia. Two
patients had Takayasu’s disease. In fibromuscular
hyperplasia three tynes are seen; medial fibroplasia
accounts for the majority (88%), perimedial hyper-
olasia (10%) and the rest are due to intimal

hyperplasia.

The rest of the lesions affecting the renal
artery include aneurysm of the artery, embolism,
often from the heart and dissection of renal
artery itself. Other rare renal artery lesions
include, vasculitis iIn connective tissue disorders,
extrinsic comnression of renal vessels from

tumours and retroperitoneal fibrosis.

Clinical Features

No unique clinical features are specific for
the disease but a high index of suspision iIs iImportant

in diagnosing the condition. Flank pain 1is a
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common complaint and abdominal bruit is audible

in 4°% of patients. Peart and Roberts (1972)

Diagnostic Procedures

Many of these provide the cornerstone iIn
diagnosis of the disease. The currently acceptable

specific tests include the following:-

1. Rapid sequence iIntravenous urogram

2 . Isotope renogram

3. Peripheral renal renin ratio

4. Renal angiography

5. Digital subtraction angiography with an

accuracy of 95-99%.

Management

i) Medical Treatment is necessary to control
blood pressure before surgery. Cantopril is a
highly specific competitive inhibitor of
angiotensin converting enzyme which is
beneficial, especially where surgery is
considered precarious, in bilateral renal
artery stenosis (S5.T. Patel and P.H. Rees)
(1983).
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Surgical Treatment. This has evolved from
the past when unilateral nephrectomy used
to be done, to newer techniques including,
revascularisation with the advent of micro-

surgery techniques.

Currently employed procedures are:

1) Endarterectomy with or without a patch
I1) Ressection and anastomosis
iii1) By-pass graft - saphenous vein
- arterial graft
- prosthesis
1Iv) Splenorenal anastomosis
V) Renal autotransplantation
(Belzer et al) (1970)
vi) Bench surgery
vii) Nepnrectomy - Foster (1973).
viii) Percutaneous transluminal angioplasty
(PTA) reported first by Grutzig (1978) .
RESULTS

With careful patient selection, overall success

rate exceeds 75% with less than 4% mortality.

The results are apparently better with patients

with fibromuscular dysplasia than atherosclerosis.



Primary Aldosteronism

Primary aldosteronism is an uncommon cause of
hypertension. Less than 0.5% of the hypertensive
population are affected and is characterised by
excess production of the mineral corticoid aldo-
sterone. In adults, it is usually secondary to
a solitary small adrenal adenama (90%). The other

10% have bilateral hyperplasia or adenocarcinoma.

Clinical Manifestations

Females predominate x 3: to male. Signs
and symptoms include severe hypertension, visual
disturbances, polyuria, polydipsia, retinopathy and
hypakalaemia alkalosis, muscle weakness, growth

retardation or iIntermittent paralysis may occur.

Diagnosis

Serum potassium is low (L3 emg/1l) and sodium
is usually elevated. Urinary potassium iIs high
and urinary aldosterone excretion is high too.
3-17mg/day). An elevated serum aldosterone level
or more than 180ug/dl is considered diagnostic.
Angiography will rarely localise the tumour.
Adrenal vein catheterisation and determination

of aldosterone levels will allow localisation of
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the lesion. In cases of hyperplasia, the levels

are bilaterally elevated.

Pre-operative management include low sodium
and high potassium diet. Surgery with removal of
tumour iIs curative. In cases of bilateral hyperplasia,
bilateral total adrenalectomy 1iIs done and patients

started on replacement therapy.

Adrenogenital Syndrome

The adreno genital syndrome may be due to
congenital adrenal hyperplasia secondary to a
virilising adrenocortical tumour (adenoma/carcinoma).
Both may have assoicated hypertension. Congenital

hyperplasia is treated medically.

Diagnosis and Treatment

Clinical manifestation include masculinisation
in the female and precosity iIn the male. Hypertension
iIs a common manifestation. Cushingoid features
may be present and associated congenital defects
are common. Urinary 17-ketosteroids excretion is
increased (normal 0.3-15 mg/day), plain abdominal
xray could localise a tumour that is calcified
or that displaces the kidneys on pyelography.
Arteriography may show neovascularization. Treat-

ment is removal of the tumour.



Neuroblastoma

Neuroblastoma usually arises from the adrenal
medulla tissue in 50% of cases. The adrenal
medulla tissue iIs derived from the neurocrest
cells. It may arise from the sympathetic chain
or paraganglia. Some neuroblastoma secrete
large amounts of catecholamines leading to hyper-
tension in 10-15% of the cases. Treatment is
surgical removal of the tumour iIf diagnosed iIn

early stages.

Unilateral Renal Parenchymal Disease

This is a group of diseases with a small
atrophic kidney on one side without evidence of
renal artery disease. The commonest conditions
are, unilateral pyelonephritis, congenital hypo-
plastic kidney and post traumatic kidney. Nephrectom

iIs the operation of choice iIn these conditions.



MATERIALS AND METHODS

J

All indexed file cases classified (using the
International Classification of disease) covering
hypertension were obtained from the Records

Department and analysed.

Further information regarding unit numbers
I
was obtained from the Intensive Care Unit as most
patients were initially treated there nost

operatively.

Theatre operation register covering the period
1977-1987, were perused through to obtain as many
cases as possible. From the theatre books, a lot
more cases were apparently operated on than is
indicated in this study. This discrepancy is due
to poor record keeping system as the coding
sometimes did not tally with the final diagnosis

made on some cases.

Patients to be included in the study were
those who had operations but for completeness,
even those who had been diagnosed and awaiting

operation for some reasons, were included.
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RESULTS

A total of 34 cases were obtained and the

breakdown is i1ndicated below.

12 - coarctation of the aorta(COA)
8 - phaechromocytoma

14 - Cushing®s syndrome

The results are presented below

TABLE 1

SEX DISTRIBUTION

DISEASE MALES FEMALES M/F =
RATIO
Coarctation 9 3 3:1
Cushing®s syndrome 6 8 1:1.3
Phaechromocytoma 3 5 1:1.7
TOTAL 18 16 1.1:1

Overall Malerfemale ratio was 1.1:1
Coarctation:prenonderance of males was 3:1
Cushing®s syndrome - females dominated 1.3:1

In phaechromocytoma females dominated 1.7:1
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TABLE 2

AGE DISTRIBUTION

RANGE PHAE - CUSHING™S g
IN COA
CHROMOCYTOMA SYNDROME
YEARS
0-10 4 1 . 14.7%
11-20 3 2 6 17.6
21-30 5 3 3 8.8
31-40 2 3 8.8
41-50 - , 2 5.8
51 - -

Patients with coarctation of the aorta presentee’
two peaks, during childhood 14.1% and early adult-
hood .

Patients with phaechromocytoma were young adults

Patients with Cushing’s syndrome - all were most”

adults.
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TABLE 3

GEOGRAPHICAL DISTRIBUTION

AREA OF CUSHING?
PHAECHRCMOCYTOMA COARCTATION

ORIGIN SYNDROVE

Kakamega 3 3 1

Gatundu 1 2 3

Meru 3

Kisumnu 1 : 3

Siaya : 2

S/Nyanza - . 1

Kericho 1

Kisii 1 1

Kiambu : 1 2

Taita 1

Kitui 1

Machakos 2

Kakamega had the highest number of natients
with 20.5% followed by Gatundu, 11.6% nrobably reflecti

population densities or better health facilities.-
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TABLE 4
SYMPTOM PRESENTATION

Symptom COA  Phaechromocytoma  Cushing’s
Syndrome

Headaches 4 5 3

Epistaxis 2,

Palpitations 4 7

Abdominal pain 3 — -

Excess sweating — 5

Chest pain 2 5

Dark skin - — 5

Puffy face . : 7

Swelling of the

body : : 7
Excessive thirst - : 11
Poor vision . 3
Haematermesis : 2

Excess weight
gain : : 4



Commonest symptom was headache in all the
three conditions, followed by palpitations. There
is clustering of symptoms for each specific

condition.

COA symptoms were different for the two
groups with children presenting with cyanotic
attacks and failure to thrive. Adults with

headaches and palpitations.

Phaechromocytoma presented with paroxysmal
symptoms of headache, excessive sweating and chest
pain. Cushing’s presented with excessive thirst,
swelling of the body and face and darkening of the

skin.

Physical signs were grouped and tibulated

as indicated in Table 5.
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TABLE 5 (@): COA

SICGN NO. OF PATIENTS %
Raised blood pressure 8 66.6%
Femoral delay 8 66 .6%
Prominent collaterals 3 251
Subcostal bruit 2 16.6%

Commonest sign demonstrated was raised blood
pressure and femoral delay iIn the majority of

patients.

TABLE 5 (b): Cushing’s Syndrome

SIGN NO. OF PATIENTS )
Raised blood pressure 7 50%
Skin hyperpigmentation 7 S0%
Abdominal striae 7 50%
Moon face 6 42 8%
TrunKal obesity 2 14 2%
Buffalo hump 4 28.4%
Pedal oedema 1 71.1%
Easy bruising 3 21.3%

Raised blood pressure, abdominal striae and
skin hyperpigmentation were commonly seen in

Cushing’s syndrome.
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TABLE 5 (c): Phaechromocytoma

SIGN NO. OF PATIENTS %
Raised blood
pressure 8 100%

. Hypertensive
Retinopathy 5 42 .5%
Proteinuria 2 25%
Heart failure 1 12.5%

The commonest signs are raised blood pressure
and hypertensive retinopathy. The hypertensive
retinopathy could account for the blurring of

vision iIn these patients.

TABLE 6 (a): |Investigative Procedure

COA
INVESTIGATION NO. OF PATIENTS 8
Chest xray 4 B3>
Aortogram 3 2 5%
ECG 4 55.5%
Cardiac
Catheterization 2 16.6%
Echocardiography 2 16.6%
Ultrasound 1 S.5%

Chest Xray showed cardiomegaly and rib notching
Aortogram demonstrated the site of lesion.

Catheterization was useful iIn iIinfants.
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TABLE 6 (b): Phaechromocytoma

INVESTIGATION NO. OF PATIENTS 0
V_M_A. 5 72 5%
Catecholamine

Levels 3 37.5%
Phentolamine test 1 12 _.5%
Ultrasound 1 12 _.5%
1.V.U. 3 37.5%
Flush aortogram 3 37.5%
Selective

angiography

Infusion

tomography

Elevated blood
sugar 2 25%
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TABLE 6 (c): Cushing’s Syndrome

INVESTIGATIONS NO. OF PATIENTS
Elevated 17-ketosteroids 8
Cortisol level 3

Dexamethazone suppression

Test 3
Abdominal ultrasound 1
Skull xrays 4
Blood sugar 3
CT scan 1
Hyperkalaemia 9
1.V.U. 1

Arteriography

?
57.21

21 6%

21 6%
7.-2%
28.8%
21 6%
7.2
64.8%

7-2%



TABLE OF OPERATIVE RESULTS

TABLE 7 (a): Surgical Procedure for Coarctation

OPERATION NO. OF PATIENTS *
Graft repair

(Dacron/Goretex) 6 55

End to end

anastomosis 1 101
Graft by-pass 1 100%

ILLUSTRATION OF TYPES OF REPAIRS.

Graft repair end to e
(Dacron/Goretex) anastomo



TABLE 7 (b): Phaechromocytoma

OPERATION NO. OF PATIENTS $
Unilateral adrenalectomy 3 2.21
Bilateral adrenalectomy 1 14.2%
Bladder tumour excision 1 14.2%
Tumour excision 1 14.2%
No tumour found 1 14.2%

TABLE 7 (c): Cushing*s Syndrome

OPERATION NO. OF PATIENTS $
Unilateral adrenalectomy 2 14.21
Bilateral adrenalectomy 3 21.4%
Hypophysectomy 2 14.2%

Anaiting operation 7 508



TABLE 8: Grading of Results

GRADE COA PHAE- CUSHING*S 0
CHRCMOCYTOMA ~ SYNDROME
Good blood
pressure control 7 3 5 65.2%
Fair blood
pressure control 0 3 1 17.31
No change 2 1 1 173>
Fatalities

Good control

BP 140/90 no drugs antihypertensive

Fair control

BP 140/90 + 160/95 (on one or two

antihypertensives)

No control

BI™"160/795 (on more than three anti-

hypertensive therapy.

Post Operative Complications

COA - Pneumothorax - two patients

- fever+spondylitis - one patient

Phaechromocytoma

- blood pressure control difficult - 1

- malignant disease with metastases - 1
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Cushing®s Syndrome

Electrolyte imbalance (hyponatraemia) -

2
Muscle weakness -3
2

Operative site iInfection -

Features of Addison®"s disease

(inadequate hormonal replacement)

|
N

The medical treatment In 70% of the patients
included a three drug combination of antihyper-
tensives and a diuretic. These were iInderal-a-B-

blocker, hydrallazine and lasix.
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DISCUSSION

COA(Coarctation)

Incidence

The overall incidence of coarctation in Kenya

IS unknown. In this collection, a total of 12
cases were found compared to the total of 1,35%
cases of hypertension diagnosed during the same
period, this gives an incidence of 0.9%.
Akinkugbe, 1In Nigeria In a review of 240 adult
hypertensives at the University College Hospital,
between 1966-1968 found only one case of

coarctation.

Coarctation was the second commonest
secondary hypertension 35.2% after Cushing’s
syndrome. OF the patients studied, 66 .6% were
males and 33.3% were females, giving a male:
female ratio 3:1. This compares favourably well
with figures by Abbort (1928) and Reifenstein et
al (1942) who found 3-5 male preponderance. Gross
in 1953 reported a ratio of 2.2:1 in favour of
males. All the children below 10 years were males
The youngest patient seen was at the age of one
month and the oldest was 29 years. The oldest
case recorded died at the age of 92 years -

Abbort (1928).



There was clustering of patients into 12
groups, those below 5 years of age 201, and
those in the third decade of life 33%. In
1903 Bonnet had identified two main types of
coarctation which he called the infantile and
adult type. Infantile presented quite early
whille the adult type was at a later age. There
was no evidence of familial tendency which was

reported at about 10% by Hallock in 1953

In infancy, all the children presented
with heart failure, cyanostic attacks and
failure to thrive. A common feature among
them was unexplained sweating on the face
and upper trunk of the body, while the children

were Teeding.

In adults, the common symptoms were,
palpitations 33%, headaches 33$, abdominal

pain 20$% and epistaxis 20%.

Concurrent Disease

Two children had associated congenital
heart disease, representing 16.6% of the cases.
One had a large patent ductus arteriosus. The

other had a ventriculo-septal defect with



pulmonary stenosis. Coarctation is known to
afflict approximately 10$% of patients with
congenital heart disease as reported by

Campbel i1n 1950.

Operative Treatment

75% had corrective surgery. The breakdown
of these includes, two children and seven adults.
In thoracic coarctation, the approach was via
posterolateral thoractomy through the 4th
intercostal space. For the two patients with
infradiaphragmatic coarctation, one had the
repair done at laparotomy, and the other a

combined thoraco-abdominal approach was used.

Operative Findings

Five had ductal coarctation representing the
majority of the patients. The rest had the

following lesions: two had infradiaphragmatic
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coarctation, one had ductal coarctation, and one

had thoracic descending aorta coarcatation. This contrasts
with figures by Becker and Edwards in 1970

who found the following distribution - 81%

preductal, 12% ductal and 7% distal to the

subclavian artery.

Types of Repair Done

Graft repair with goretex or dacron was done
In six cases. Mobilisation and end to end
anastomosis was possible iIn one patient. Graft
by-pass was done in another patient where the

stenotic segment was long.

Post-operatively

All the natients were taken to the Intensive
Care Unit for close monitoring. Two patients
developed pneumothorax due to wrong connection
of the chest tubes. One patient developed
pyrexia which could not be controlled. He
later developed spondylitis and kyphosis and
xray showed a lumbar paravertebral soft tissue
shadow. Serum was taken for brucella antigens
which are positive. He did recover with
antibiotics treatment. This was an oversight

for he is the same patient who had iInitially
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nresented with a swollen finger.

Three patients 20$, were asymptomatic and
were discovered on routine check up. One
presented with a swollen finger and was incidentally
discovered to have hypertension. The attention
was shifted from the finger to the blood pressure
control. Later, he developed complications
post-operatively which would have been avoided.
Notable absence in the symptomatology is
claudication iIn the legs reported by Wakin et al

in 1948 at 7.5%

Raised blood pressure in the arms was
present in 75% of the cases. Femoral delay
was demonstrated in a similar percentage of
cases, prominent collateral circulation was
noted in 25% of patients, collaterals were
located iIn the anterior chest wall and iInter-
scapular region. Christensen and Hines
in 1948, reported this sign in 80% of their
cases. In 25% of the patients, there was a
precordial systolic murmur, the direction of
radiation was not indicated. It 1s known iIn
coarctation for a systolic murmur to be heard
posteriorly between the scapulae, due to the jet
of blood produced by the stenotic lesion. A

subcostal bruit was heard in 20%of cases.
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Operative Results

Blood pressure control was good in 751 of the
cases. In 22.1%, there was no change iIn blood
pressure, possibly because of the irreversible
changes in the kidneys and blood vessels. There

was no operative mortality recorded.



Phaechromocytoma

Incidence

It is rather a rare cause of hypertension. The
incidence iIn Kenya is not known but is reported
to be 0.3-0.5% of the hypertensives in the U.S.A. -
John Foster. Fry William and Richard Fry put
the incidence at 0.1-1%. Out of the 1,325
hypertension cases recorded, only 8 were found
giving an incidence of 0.69%. Out of the total
3 collected cases, 8 were due to phaechromocytoma
(24%). Haregewoin in 1982 iIn some clinical
aspect of hypertension in Ethiopia, renorted

2 cases from a total of 145 hypertensives.

In the Mayo clinic series, the incidence was

put at 0.13%.

of thev8 cases, three were males and fTive
were females giving a male to female ratio of
1:1.7. In Haregewoin collection, the ratio was
1:1. Stackpole et al, in 1966 collected 100 children
with phaechromocytoma where the boys predominated
by 2:1 ratio. The majority of the patients
were In their third and fourth decades of life.
The youngest patient was nine years and oldest
was fTorty five years. Three patients (37.5%)
came from Kakamega district but were not related
to each other. Familial phaechromocytoma is

known to occur In 5 of cases. The rest of the
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patients came each from Gatundu, Kisumu, Kericho,

Kisii and Kitui respectively.

The commonest mode of presentation was with
palpitations 87.51 followed by headaches 62.51.
The rest of the symptoms included sweating 62.51,
poor vision 37.2%, and haematemesis 20%. The
symptoms were paroxysmal in 75% of the patients.
The period of sickness ranged from the shortest
period of one week to the longest period of
three years, two years being the average duration

of symptoms before diagnosis.

All the patients had raised blood pressure,
one with the highest blood pressure recorded
of 280/180 mmHg. Five patients showed
hypertensive retinopathy which was the most
likely explanation for the symptoms of poor
vision experienced by some patients. One
patient presented with heart failure, there was
no evidence of any other physical disease. Phae-
chromocytoma s In 10% of cases associated with
other endocrine diseases like Sipple®s syndrome
(nultiple parathyroid adenoma) or Recklinghaussen

disease.

Most phaechromocytomas secrete catecholamines

(adrenaline and noradrenaline) . (See next page).

»



BIOSYNTHESIS OF CATECHOLAMINES.

Tyrosine

N Tyrosine hydroxylase

Dihydroxyohenylalanine (L-DOPA)

N (aromatic 1-amino acid decarboxylase

Dopamine

N Side chain, ™-hydroxylation

Norepinephrine
- Epi”~enhr ine
contsx  (Noradrenaline) =P \(adrenalir
Normetanenhrine Metanephrine
|
URINE
PNMT - Phenylethanolamine - N-methyl transferase
MAO - Monoamineoxidase
COMT - Catechol-0O-methyl transferase
VMA - Vanillymandelic acid



Catecholamine levels in serum were estimated
and was raised iIn three patients (nhormal 1lkg/litre) .

This 1s a very sensitive test but has limitation

of expensive cost.

This was positive iIn 62.51 of patients.
V_.M._A. is a degradation metabolic product of
catecholamines as indicated above and is secreted
in urine. False positive results can occur in
patients on exogenous catecholamines (hose drops,
bronchodilators). Drugs like aldomet and clo-

fibrate give a false positive result as well.

Phentolamine Test

This was oositive iIn one patient only. It
iIs not a favoured investigation these days
because the test may be followed by a catastrophic
fall in blood pressure (positive result is a
fall of 35/25 mmHg or more). False positive
results occur iIn patients with malignant hypertension,
patients on various antihypertensive medication
or raised iIntracranial pressure. Other provocative
tests with tyramine, histamine or glucagon may
also be done with risks. Histamine may produce

a hypertensive crisis with arrythmias, myocardial
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ischaemia and even death.

Plain xray of the abdomen will localise the
tumour in 15-20% showing egg-shell calcification
in the area of the adrenal glands. In this case,

non was demonstrable.

1.V_U.

Three patients showed calyceal displacement
compatible with extrinsic renal compression.
Reports indicate that 50% of the tumours can be
visualised i1f the intravenous urogram is combined
with nephrotomograms - Levin and McDonald 1984.
The risk of inducing a hypertensive crisis 1is less

than 1%.

Flush aortogram was done in 37.5% of the
patients. This 1Is done after blood pressure
control with phenoxybenzamine is achieved to

avoid provoking a hypertensive crisis.

Selective arteriography is the more specific
investigation. The diagnosis 1Is positive in
85-90% if digital subtraction is used - Levin

and McDonald.



Ultrasound localised the tumour iIn one patient.
Ultrasound localises the tumours iIf larger than
1.2 cm - Roberts and Modlin 1979. New iInvestiga-
tions techniques are currently being used in other
centres to localise the tumours. These include
computed tomography (C.T.) scans which can demon-
strate the tumour in 901 of cases, radionuclide

. 131
scans using 1

19-10odocholesterol, technetium
(@9mTc), selective adrenal vein sampling and

inferior vena cava sampling.

Pre-operative Treatment

All the patients were controlled with

phenoxybenzamine combined with B-blockers (inderal).

Pre-operative Management

Patients were seen by the anaesthetist before
operation and the premedication used was atrophine
and pethidine. However, pre-operative administration
of atropine should be avoided because it induces

tachycardia and may raise the blood pressure.
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Intraoperatively

Patients were monitored with ECG machines.
An arterial line was started to monitor the
blood pressure. Those who had bilateral adrena-
lectomies done had iIntravenous hydrocortisone

infusion.

Long median incisions were used extending from
xiphistenum to pubis. Tumours were in the
adrenal gland in 37.5%. Bilateral adrenal
location of tumour was found In one patient. In
one case, the tumour was located in the urinary
bladder. The organ of Zukerkandl was involved
in one patient as well. In one patient, tumour
localisation was impossible. Levin and McDonald
found adrenal i1nvolvement iIn 85-90% of cases

and 10% being extra adrenal, (see also appendix 111).

Operative problems included difficulty in
removing the tumour iIn which case, splenectomy
and mobilisation of the descending colon was
done in one patient. In another patient, the
tumour had surrounded the renal vessels causing
stenosis of these vessels. Resection and anastomosis

was done.
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Blood pressure.control was difficult 1in
two patients. In one patient i1t fell precipitously
low to 60/30 mmHg. It was gradually restored to
normal with plasma expanders and intravenous
aramine. In the second case, the blood pressure
shot up, and was controlled with sodium

nitroprusside injection.

Right adrenalectomy was performed in three
patients, while the left was removed in one
patient. There was a tumour involving the dome

of the bladder iIn one;patient. Tumour excision (local)

was done iIn this case.

Post Operatively

Patient care and monitoring was continued 1iIn
the Intensive Care Unit. Post operative complications

were minimal, there was no mortality recorded.
An operative mortality of 3-5% 1is reported by

William Fry and Richard Fry (1936)

Follow Up

There was good blood pressure control iIn
37,5% of the cases. There was a fair control in
another 37.51. In one patient, there was no

change®™ In blood pressure. This is the same patient
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whose tumour could not be found.

The patient with the bladder tumour turned
up six months later with hepatic metastases with
jJaundice. He died three months later. This
gave a malignant incidence of 12.5%. 10% of

phaechromocytomas are malignant.

Cushing’s Syndrome/Disease.

Incidence

This was the commonest cause of surgically
correctable hypertension. In this study, of the
34 patients, 14 had Cushing’s syndrome (61.1%).
Cushing’s syndrome 1is relatively rare. In 1974,
Gitau, Abdullar and Awori described 5 patients
seen at Kenyatta National Hospital, while
Johnson described a single case iIn Nigeria

in 1972.

Sex Distribution

Of the 14 patients seen 57.1% were females
and 43.7% were males giving a male/female ratio
of 1:1.3. There was slight female preponderance.

World wide, females predominate by 4-5.



Age Distribution

The majority of the patients were in their
second and third decades of life 62.51. The
youngest patient was a boy of 12 and the oldest
patient was a female of 50 years. The peak
incidence is usually between 35-50 years of age.

(Reginahalt) (1981).

Geographical Distribution

Of the total patients seen, 21.41 came from
Kakamega, Meru and Siaya and each contributed
14.2%. The rest came each from the following

areas, Machakos, Taita, Gatundu and Kiambu.

Commonest symptom was polyuria and polydipsia
present®in 78.5% of the patients. The cause was
most likely the glucosuria found in some of the

patients and hyperkalaemic nephropathy.

Darkening of the skin (skin hyperpigmentation)
was present In 37.1% of the patients. This 1is
explained by the excessive adrenocorticotrophin
hormone excreted, which share the similar protein
temperate as melanocyte stimulating hormone.

Excess weight gain was present in four patients

and headaches iIn three patients.



Clinical signs demonstrated included high

blood pressure in 50% of the patients, abdominal
striae in 50% and moon face in 42.8%. Other
signs included buffalo hump 28.41, trunkal

obesity 14.21 obesity 14.2%, easy bruising and
pedal oedema each 7.1%. In his original descrip-
tion, Harvey Cushing described patients with
hypertension, truntal obesity, striae, amenorrhea

and hirsutism.

Diagnosis was mainly by laboratory methods.

Elevated potassium levels was found In 9 patients
(73.9%). Confirmatory tests were demonstrating
elevated serum levels of cortisol and urinary
17-Ketosteroids * in 56.8%. Dexamethazone
suppression test was positive iIn 13 patients.

Blood sugar levels were elevated iIn three patients.

Lesions were localised by ultrasound in one
patient. CT scan localisation was possible in
one patient. 1.V.U. was suggestive in one patient
and skull xray showed enlargement with erosion

of the sella turcica In four patients.

A total of 7 patients were operated on (560%).
Three had bilateral adrenolectomy (42.8%) of operated

cases, two had unilateral adrenalectomies and
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another two had hypophysectomy.

Operative Results

Of the 7 patients operated on, five had good
pressure control and one had fair blood pressure
control. There was no change in blood pressure

In one patient even after the operation.

Post Operative Complications

Patients who had bilateral adrenolectomy
were maintained on hormonal replacement therapy.
Complications of hypokalaemia and muscle weakness
occurred in three patients. These were treated

with potassium supplements.

Continued hyperpigmentation and darkening
of the skin was a problem in two patients. Wound
infection occurred iIn another two patients.

There was no mortality in the operated patients.



CONCLUSION

Surgical correctable hypertension 1Is rare
world wide. The general figure of 2.6% of all
the hypertension diagnosed in the 10 year period
emphasize the fact. A thorough screening of all
hypertensives 1is necessary to identify those
patients whom surgery offers the only hope of

cure.

The operative results were very encouraging
with no operative mortality and a good blood
pressure control in 1S% of the patients. This
is mainly due to improvement of anaethetic
techniques and better methods of surgical
correction. Careful patient monitoring
intra and post operatively are vital iIn manage-
ment of surgically correctable hypertension.
With improvements in medical services assisted
by improvement in technological methods, more
patients will subsequently be identified.
Anatomical localisation of the primary

condition is getting easier with new technology.
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APPENDIX (i)

Abdominal coarctatifcion with extensive collateral
formation.

Infrarenal coarctation of aorta.






APPENDIX (iii)

LOCATION OF PHAECHROMOCYTOMA IN ECTOPIC SITE

(10-1 83)

————————— -Neck 2%
—————————— -Thoracic 12%
j-V— —- Upper abdomen 43%

Organ.of Zukerlandl 29

..-.Sacrum rectum nelvic
floor 2%

-Bladder 11l

Redrawn from principles of surgery by

Shwartz S. 1., McGraw Hill Book Company, 1986



APPENDIX  (iv)

DATA COLLECTION SHEET

Surgical Correctable Hypertension

1. Patient identification

2. Clinical data

3. Laboratory data

4. Management - Pre-operative

- Post operative

5. Results of management and follow up
1. Patient Ildentification

1.1 Name

1.2 IP. NO.

1.3 Age

1.4 Sex

1.5 Date of entry (diagnosis)
1.6 Occupation

1.7 IVeight/Height

2. Clinical Data (Mode of Presentation)
a) Symptoms
b) Signs

2.1 Headaches

2.2 Epistaxis
2.3 Palpitations
2.4 Fits, unconscious

2.5 Abdominal pain.



APPENDIX (V)

2.6 Chest pain

2.7 Dyspnoea and cough

2.8 Sweating

2.9 Weakness

2.10 Significant weight loss
2.11  Tumour

2.12 Visual disturbances
2.13 Palor

2.14 Period of sickness

2.15 Previous treatment

2.16 Other diseases.

SIGNS

BP level mmHg

Bruit (subcustal, frark,epigastric
Femoral delay

Heart failure

Papilloedoma

Visual fTields

Palpable kidney

Heart valvular incomnetence/Aorte/

3. Laboratory results a) blood
b) Urine

Others



APPENDIX (Vi)

Blood HP

- Urea

- Electrolytes

- Creatinine clearance

- Honnonal assays - cholestrol level

Urine - Culture/sensitivity
- Protein
- sugar
- Cell casts

- VMA

OTHERS
- ECG
- CXR
- W
- Aortogram
- Renal biopsy
" Glucagon ........ test
- 24 hours VMA. Excretion test
- ultrasound
- Skull Xrays
- Visual charts

- CT scan

4. TREATMENT
- drugs - pre-operation
- type of operation - craniotary

thoraco-abdominal



APPENDIX  (vii)

- laparotory

- hypophysectomy

RESULTS OF OPERATION

-BP level

- Number of tablets taken
- Weight

- urea & electrolytes

POST MORTEM CASES

- Disease entities.
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Foreword

Ewviramental polluaan s a mjor gidal ancem. When sources of vater pliutaan ae
eurerated, agnaliure B, with Imressirg fraqacy, Isted as a mjor antrutor. As
retias make effarts o corract aousss 1o terr vater resourcss, thare sa need to determine
tre causss of vater gallity degrachition and 1o guentafy pollutaan antributaas fran many
sucs. Ul such tine as adenLate fedis are made aailidble through ressarch o celireste
casss and surass, anflicarg goinias antanee o flarnsh and programes toantrol ad
aoate polluaan willl ke less effectinve and efficiet in e use of Timited resources.

Exstirg knovledge irdicates tret agriculitural gueratias can antribute tovater g ality
ceteriorataon through tre releese of s2varal naterials novater: sedimants, pestaaacss, aninal
marures, fatlas ad other sources of mgenic ad arganic natter. Many of tese
poliutants reach surface and groundhatter resouraes thrauchwidespreed ruoffand percollataan
ad, hae, ae callad "moHoint” sources of piliuba;  Identrhication, gentrfication ad
antrol ofmoHoint pollutaan remain relatinely diffic it tesks as compared to those of ' joint”
sources of poliutaion.

FAO sSmandate B10 rare ledks of nuriition ad starcards of Iivirg of paple ad, n
inplerentang tasmacate, tpraotes agnatural develoorent and retaaal food ssanty.
FAO Begally comitted o sstaireble develgoment ad, hence, hes given tp prianity ©
astaredle agriaiitual deelgent. Intisanted, tre Orgenization recognizss trekey ke
ofvater magiattural develgmet ad implenents a caprehensive Regullar Progranme
on Water Resources Development and Manegement. One of tte thematdc aress of ts
programme swater gality management which irchues, among atters, tre antrol of water
pollutaian fram agnicuitural admMities, with partiaular referance to norHoINE SoUrGss.

It suder tre framenork of these Regullar Programme adtivitaes of the Orgenizataon ttet
tre preparation of a - uicelines " document: on antrol and managementt of agriauttural veter
pollution s it The dgjectine BtocHlireste tre rature and conseouences of agriaukitural
inpects onvater gality, ad toprovice a framenork farpractacal measures e udertaken
by releat professiaals and dscisiarders 1 antrol water oliutaon.

The Orgenization recognizes tret tre preparataan of tre guicelines sanly tre begiming
nte layg process of assistarg Member Natians to huild reticel geecity and inplenent
programes on tte antrol of aaitual vwater polluaon. The plolicataan willl ke
dissamireted wicely among Member Natios ad releat ragicel ad naratodl
atpizatios. It s intad tet this will be folloned by regical ad retaaal workshops,
wirth tre ndoi lizataan of extra-bLoetary sourcess of fuds far this punose.

The Organization recognizss tte antributaan of tre Canada Centre far Inlard V\aters,
Eviroment Caneda, and tre eqeertase of Dr E. Onglley ntte preparatian of this dooument.
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Chapter 1

*

Introduction to agricultural water pollution

Second only o aaikbility of drirking water, aooess o food yply B tte greatest ranty.

Hence, agriculiture iBa dominant component of tte gldal econany. Whille medrenizataon of
faming nmany cuntries hes reaulted na dramatic =l in te prgoortian of pgulataan
working nagnaiture, the pressure o produce enough food hes hed aworldvide impect on
agnaiitural pradtacss. Inmany cuntries, tispressure hes resulted nexansion nonargiral
lats ad B wally assciated with slsistaxe faming.  In otter cantres, fod
recuireetts have raquired eoansion of imgation and stesdlily Inoressig use of fatalias
ad pestaiadss o achiee ad astain higer yieks. FAO (1901), i its Stratsyy on Water
for Sstaireble Agiailural Developrent, ad te Uhited Natdias Coference on
Eviroment and Develogpment (UNCED) nAgenda 21, Gepters 10, 14 and 18 (UNCED,

199) have highlighted tre dallete of ssaunig food ayplly o tre 21st cantury.

Sstaireble egiadtiure B oe of te gedest dellays. Sstaredility nplies tet
aiahue ot oy ssaue a astaired food gyply, it tet s eviramatal, scio-
ecomamic ad human health Inpects are recognizzd ad acoounted far within reticel
development plas. FAO s cefinrian of sstarreble agniaiitural develgment gpears n
Box 1

BOX 1: FAO's DEFINITION OF SUSTAINABLE AGRICULTURAL DEVELOPMENT

Sustainable development is the management and conservation of the natural resource base and
the orientation of technological and institutional change in such a manner as to ensure the
attainment and continued satisfaction of human needs for the present and future generations.
Such sustainable development (in the agriculture, forestry and fisheries sectors) conserves land,
water, plant and animal genetic resources, is environmentally non-degrading, technically
appropriate, economically viable and socially acceptable.

It Bvell knonn tet agniautture Btte sirgle lagest user of fredhvater resurcss, Wsig
agldal aerage of 70% of dll surface vwater syplies. Bxogpt forwater kst thrauch evgo-
tragpirai, ariaitual vater B reoclad back o surfae water ad/or groaudhater.
Honever, agniclture Bloth cause and victam of water polliubion. It sa cause thyaugh is
disdarge of pollutants and sedimant o surface ad/or groudhater, through ret kess of sal
by poor egnaultural prectacss, and through salinzataon and waterlogping of imigated bad.
It B a vicaim thraugh use of westenater ad plliuted surface and groundietter which
antanirete aqos ad trasnit diseese o consuners ad fam vorkers. Agriaulture edsts
within a synbicsis of lad ad water ad, as FAO (19908) makes quite der, ““...
appropriate steps must be taken to ensure that agricultural activities do not adversely affect
water quality so that subsequent uses of water for different purposes are not impaired. ”
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‘Sagardoy (FAO, 19933) summarrized tre action itens faragriculiure intte field of vater
quality e
= estebligmat and qeeration of asteffectine water gality nonrtoring systers far
agnaditural water usss.

e prevattao of adverse effedts of agriattural aotivities on water gality for otter saoal
ad econanic adtmitiesand onwetdlads, inter alia through gotanal use of an-farm uts
ad tre minimization of tre use of edarmal Muts nagnaiitual amMtes.

= establigmatt of biolacal, fhysial ad denical water gality attaa for sgaiiual
water users and far narine and rivarire edcsystans.

e prevattao of sal ruoff and sedinentataan.

= prgeer digoosal of sewage fran human settlerants and of manure produced by niersne
Inestok bresding.

= minimization of adverse effects from agriadtitural denicals by use of integyatad pest
management.

e alcation of comunities ebout te polluian Inpects of tre U= of f|atlas ad
denicals on water gality ad food siety.

This pblication deals gecifically with tre role of agriaulture intre fied of freshnater
gality. Categories of nonHpoint source inpects - geeaifically sediment, pesticaces, ntnets,
ad pathoges - ae btha toeter with terr eolaial, polic helth ad, as
gugmiate, lepl coseguenaes. Recomendattions are made on evaluation tedmiges ad
antrol meesures. Much of tre soetific litaaiure on agraditural npects on aurface ad
groudhater gality s1ran develgoed cuntries, reflectarg broed scetificconcemad, n
sone s, regulatory attention sine tte 19/0s. The saantific firdings and management
prarcaples are, honever, garerally gplicble vorldvide. This publicataan does ot csal with
water gality inpects causad by food prooessing rolstries irsofar as tree are aosidered ©
be point sorcss ad ae wAlly shject © atwol thvogh effllet rgilaian ad
enforocamant.

Water quality as a global issue

Agniautture, as tre sirgle largest user of fredwater on a gldal esis ad as a mpjor case
of degrachation of surface and groundhatter resourcess through erosion and demicall ruoft,
hes cause 1o be concermed aoout tre gldal nplicatias of water gality. The associated
agrofoocHorocessing indlstry B alo a sigifiiat source of agenic olluaan N nostt
antries. Ageaulture Bnow recognisad as a mgjor prablen n freshvater, esttarire ad
asstal eviromatts, leeding o eurghication and ecosystem danege. The rrcical
eviramattal ad plblic health dinensias of tte gldal freshvater gality prablem ae
hichlighted bellow:

D Five million paople die amially fran water-bome disesss.



Control of water pollution from agriculture 3

D Boosystem dysfuction ad loss of bicivarsity.

D Cotamiretion of marine ecosystars from lanoHoessd adtimMities.
n  Contaminettion of groundheter resourass.

D Gldwal aontamiration by parsistet agenic mliutats.

Bqerts pradict tret, because polliutaian can no laer be remedied by diluaan (e te
flov regine s1ully waliad) nmany antries, freshwater gality willl become tre prrcael
Imaton for astaireble develgoment N ttese cntrnies early In tte rext aatwry. This
‘oS’ spradiced o have tre follovg gldel dimersias:

n Declire In sstaireble food resourcss (9. freshater ad aestal fideaes) de ©
pollutaon.

D Qumlative effect of poor water resource management dscisias because of Irecete
water gality data nmany auntries.

D Many auntries canno lager manage polliutaan by diluaan, leeding tohiger leels of
agatic poliutaon.

D EsaAlating ast of revediation and potentzal ks of " aeditworthiness .

The raal and potantial loss of devellgorent: goportuninty because of diversion of funds far
renediation of vater poliuaian hes been noted by many auntries. At tte 1994 Bqeart
Meeting on Watter Quentaty and Quallity Management convened by the Economic and Social
Comission farAsia and tre Paarfic (ESCAP) , Asiian rgaresatatives goproved a declaratin
which calied far retical and intarratioal action tass=ss loss of econamic gqoortunity due
m\Aater polluaan and 1o determine tre potensal econamic inpects of te “loaming veter

asis’. Inaestigly, the concem of tre celeptes to tte ESCAP mesting was todanmostrate
ﬂ'eeoomnlc ratter then sinply tre eviramantal inpects ofvater pol lutaian on sstaireble
develgoment. Qredrtvorthiness (Vatthens, 1993) sofaoncem irsofar as leding rstitttios
now lodk at the aost of rerediation relatne 1o tte economic gars. There sooncem tet if
ﬁecr_stofrerajiatim@mateocrmic barefits, develoorent projects may no laoer be
addinorthy. Sstaireble agniadtture will, reatsbly, e required o fedor Mo IS vater
resouree planing tre lager 1Iss.es of astaireble econamic develgoment acrass econamic
sdas. This camprehensive goproach tomanagement ofwater resources hes been highligtd
ntte World Banks (1908) policy on vwater resource develgorent.

Older dilloriratsd agriauttural pestacaces have been inplicated i a variety of human
health 1ss.es and as causiing significant and widespread ecosystem dysfunction through treir
toac effedts on agigs. Gaerally bared in tre developed cantries, ttare B now a
acertsd namatical effat o ban ttese worldvide as part of a protoool for Rysistat
Organic Rllutants (FOPs). One exarple of sudh an effat was tte Intergoermental
Conference on tte Protection of tte Marine Bwiroment fron Land-besed Advitaes,
convered n\Vlashington DC N 1956 jortly with UNEP (ore informataon s inchuoed n
Chepter 5).



TABLE 1

introduction to agricultural water pollution

Classes of non-point source pollution (highlighted categories refer to agricultural activities) (Source:
International Joint Commission, 1974, and other sources)

Agriculture
Animal feedlots
Irrigation
Cultivation
Pastures
Dairy farming
Orchards
Aquaculture

Forestry
Liquid waste

disposal

Urban areas
Residential
Commercial
Industrial

Rural sewage
systems

Transportation

Mineral extraction

Recreational land
use

Solid waste
disposal

Dredging

Deep well disposal

Atmospheric
deposition

Runoff from all categories of agriculture leading to surface
and groundwater pollution. In northern climates, runoff
from frozen ground is a major problem, especially where
manure is spread during the winter. Vegetable handling,
especially washing in polluted surface waters in many
developing countries, leads to contamination of food
supplies. Growth of aquaculture is becoming a major
polluting activity in many countries. Irrigation return flows
carry salts, nutrients and pesticides. Tile drainage rapidly
carries leachates such as nitrogen to surface waters.

Increased runoff from disturbed land. Most damaging is
forest clearing for urbanization.

Disposal of liquid wastes from municipal wastewater
effluents, sewage sludge, industrial effluents and sludges,
wastewater from home septic systems: especially
disposal on agricultural land, and legal or illegal dumping
in watercourses.

Urban runoff from roofs, streets, parking lots, etc. leading
to overloading of sewage plants from combined sewers,
or polluted runoff routed directly to receiving waters; local
industries and businesses may discharge wastes to street
gutters and storm drains; street cleaning; road salting
contributes to surface and groundwater pollution.

Overloading and malfunction of septic systems leading to
surface runoff and/or direct infiltration to groundwater.

Roads, railways, pipelines, hydro-electric corridors, etc.

Runoff from mines and mine wastes, quarries, well sites.

Large variety of recreational land uses, including ski
resorts, boating and marinas, campgrounds, parks; waste
and "grey" water from recreational boats is a major
pollutant, especially in small lakes and rivers. Hunting
(lead pollution in waterfowl).

Contamination of surface and groundwater by leachates
and gases. Hazardous wastes may be disposed of through
underground disposal.

Dispersion of contaminated sediments, leakage from
containment areas.

Contamination of groundwater by deep well injection of
liquid wastes, especially ailfield brines and liquid industrial
wastes.

Long-range transport of atmospheric pollutants (LRTAP)
and deposition of land and water surfaces. Regarded as a
significant source of pesticides (from agriculture, etc.),
nutrients, metals, etc., especially in pristine environments.

Biological Oxygen Demand
Polycyclic Aromatic Hydrocarbons
Polycyclic Chlorinated Bi-Phenyls

4 COD = Chemical Oxygen Demand

Phosphorus, nitrogen,
metals, pathogens,
sediment, pesticides, salt,
BOD1, trace elements (e.g.
selenium).

Sediment, pesticides.

Pathogens, metals, organic
compounds.

Fertilizers, greases and ails,
faecal matter and
pathogens, organic
contaminants (e.g. PAHs2
and PCBs3), heavy metals,
pesticides, nutrients,
sediment, salts, BOD, COD4,
etc.

Phosphorus, nitrogen,
pathogens (faecal matter).

Nutrients, sediment, metals,
organic contaminants,
pesticides (especially
herbicides).

Sediment, acids, metals,
oils, organic contaminants,
salts (brine).

Nutrients, pesticides,
sediment, pathogens, heavy
metals.

Nutrients, metals,
pathogens, organic
contaminants.

Metal?, organic
contaminants.

Salts, heavy metals, organic
contaminants.

Nutrients, metals, organic
contaminants.
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Non-point source pollution defined

Non-point source water pllutaan, oce known as “diffteg” source polluaan, ansss frana
broed group of human activitaes farwhich tre polllutants have no dovious point of entry 1o
receving wateroourses.  Inaontrast, point source pollution rgresants those actmitiess where
westanater s routsd directly o reemMirg water bodies by, far exanple, disdarge pices,
where they can be essily measured and aontrolled. Coviausly, morHoint source polluian B
much more difficit to Kntafy, measure and antrol then point sourass. The term “drffuss”
source shauld be avoided as ithes lepl corotatian ntte Uninted States ttatcan now incluce
cartain types of point Sourcss.

In tre United States, tre BEviramental Protectian Agency (US-EPA) hes an edasinve
pemitting system far point disdarge of pliuats N water causss. Therefore, N tet
auntry, nrHoInt sources are cefired as ay souree whilch s ot covered by tte kel
cefinrtaan of “point souros” as defired N tte sectaan SP(14) of e Unirted States Clean
Water Act (Water Quality Act) of 1987

“The term ‘point source” means any discernible, confined and discrete
conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit,
well, discrete fissure, container, rolling stock, concentrated animal feeding
operation, or vessel or other floating craft, form which pollutants are or may be
discharged. This term does not include agricultural storm water discharges and
return flows from irrigated agriculture. ”

The referae 1 “gyriauitural stom vater disdares” B taken tomean tat poliutant
ruoff fram agriculture coours prinarily during storm flov codrtias. Honever, even nte
United States, tte distarctian between point and norHooInt sources can be uclear ad, as
Novotny and Olem (1999) point at, tree tems tad 1 have assured kpl ratter ten
tedmnical meenings.

GConvattaaelly, nmost cntries, all types of agricultural practices and land use,
mcludlng animal feeding operations (feed lots), are treated as a non-point sources. The
main daeradtaristics of oIt sourass are ttet they respond to hydrological conditions,
arenot easily measured or controlled directly (ad therefore are difficit to reglate), ad
focus on land and related management practices. Gattrol of point souces n thoe
antries having effective antrol programes  scamied aut by effluat treatnent aoccording
o regilataos, wally uder a systam of disdarge pamits.  Inconpariison, aonrol of non-
point sources, egecially in agniaulture, hes been by educataan, provotion of gargoriate
management practaces and modrficataon of lad Lee.

Classes of non-point sources
Prevention and modification of land-use practices
Table 1adires tre diasses of moHoInt sourass and treir relaine antributias o polluan

lcedirgs. Agniaukltiure B nly ore of a \ariety of causes of nonHooint souraes of polliuta,
honever sgaerally regardad as tre lagesst antributor of pollutants of dll tre categres.
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FIGURE 1
Hierarchial complexity of agriculturally-related water quality problems (Rickert, 1993)

Scope of the problem

NorHpoint source oliutants,  Inegective of Surce, are tragorted overlad and through tre
sl by rainvater ad nelarg sov. These mliuiants ulanately fird teir way o
goudiater, wetdads, masad ldesad, frdly, tooosas n tte form of sedinent ad
denical leeds amied by mas. As disassd belav, tte exlagial impect of tese
poliutants range fram sinple nuisance sUsstaness tosevere eolagical inpects inolivirg i,
birds and mammals, and on human heslth. The rage ad relatine aomplexity of agnauttural
noHoint source polluban are ilstrated mAgare L
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In what B udouotedly tre eariest and dilll most exdtarsive study of noHoINt souree
poliutian, Canada and tre Unirted States udertodk amajor progranme of point and maHoint
suree idntfication and antol in e 19/0s o tre etiire Greatt Lakes besin. This wes
precipitated by public concem @9 press rgats et “Lake Hie wes deed!”) over tte
ceteriaation nveter gality, including tre visible evidance of algal blooms ad 1meese n
aatacweads. Soatrhiclly, tre ssttationwes ae of hypertrgohicl codrtaias nLake Bie
ad eurghiclaaditias nLake Ontario causad by excessive phogphorus etering tte Loner
Great Lakes fran point ad mHoint saurass. The two aantries, uder te ilbad
Inemeticel Joint Comission, esteblided te “Rolludon fran Land Use AdtiMities
Reference Groups™” (known as “PLUARG”)which senead as the saentific \vehicle fara tan
year stuoy of polliutaon sources fran tte etire Greatt Lakes besin, and which aulmireted n
major danges both 1o point and oIt source antrol. The study also resulted nan
uprecscated Iresse N saietfic uderstading of tre inpects of lad use adMitiess on
vater gality. Thiswork, mainly done ntte 19/0s ad early 19805, dilll hes gt releae
1 oIt souree 1Is8.es now of aoncem elsanhere ntte world.

The PLUARG stdy, thrauch aslysis of nonitoriing data of rivars within tre Greait
Lakes, fran cetailed studies of eqperimental ad riresstaiine triutery catdnents, ad
fran research of agriauitural practacss actre fieldand plot led, found tret nioHooINt sources
ngreal, ad agiiaiiiure npartiadar, were amgjor source of pollubian o tre Great: Lakes.
By ewaluation of tre relatine antributias of point and morHooINt sources o pollubaan keecs
1 tte Great Lakes, tte PLUARG study prgoosed a corbined programme of point source
atral ad lad v nadrfication. The two fackral govermeats and rparian Seke ad
proarcial goverments  implemented these recomendations with tre reslit et tte two
loner ad most Ipected Great Lakes (Bie ad Qitario) have udergore major
improverents nvater gality and nassoaiated ecosystans ntte pest decace. A signficat
fctor in tte ayricultural ssCtor wes tte hiigh degree of pblic particiation and edLcation.
Change inagricultural prectices vies, inmany caees, achieved by derarstrating © famers
tet there were econamic cairs o ke realizd by daging land management pradtacss.

In most rolstrializad antries, tte foos on water ollubian antrol hes traditaoelly
been on point source manegement. Intre Lhirted States, whilch spraseblly reesorebly typical
of otrer ind.strializd retias, tte econanics of furtter Inreeses N point source regulatian
are being dalletd, esecially nview of tre known  inpects of nonHooint sources ofwhich
anaiitue hes tre lagest oaall ad penesive npect. There isa groving qoinian T,
ceorte te billios of dllars g0t on point source antrol neesures, furtter point source
antrol camot achiee ngjor attirtic el beefits nvater g.ality without sigiificant antrol
oer mHoInt suress. Intisated, ks releat 1 ote tat agricuitue B regardad &
tre main noHoINt source Is.e. Table 2 presants the outcame of a study by US-EPA (1939)
on tte rarkang of sources of vater gality ceteriaation nnvas, ldes ad estianies.

The Unhited States B ae of tte few auntries tret sstaratically produoss reticel
Statastics on water gality inpaiment by point and nonHoint sourass. In s 1986 Report 1
Gogress, tre hited States Bviromental Protection Agency (US-EPA) rqoorted ek 65%
of asses=ed e milles intte Unirted States were inpected by nonHooint sourcss. Again, N
ismost recat study, tte US-EPA (1924) dentahed agricuiture as tte leeding cause ofvwater
gality impaiment of masad ldes intte United States (Teble 3) and third n inportance

These terms refer to the levels of nutrient enrichment in water; these are described in Chapter 3.
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TABLE 2
Leading sources of water quality impairment in the United States (US-EPA, 1994)
Rank Rivers Lakes Estuaries
1 Agriculture Agriculture Municipal point sources
2 Municipal point sources Urban runoff/storm sewers Urban runoff/storm sewers
3 Urban runoff/storm Hydrologic/habitat modification Agriculture
4 Resource extraction Municipal point sources Industrial point sources
5 Industrial point sources On-site wastewater Resource extraction
TABLE 3
Percent of assessed river length and lake area impacted (US-EPA, 1994)
Source of pollution Rivers Lakes Nature of pollutant Rivers Lakes
(%) (%) (%) <%)
Agriculture 72 56 Siltation (sediment) 45 22
Municipal point sources 15 21 Nutrients 37 40
Urban runoff/storm sewers 11 24 Pathogens 27
Resource extraction 1 Pesticides 26
Industrial point sources 7 Organic enrichment DO 24 24
Silviculture 7 Metals 19 47
Hydrologic/habitat modification 7 23 Priority organic 20
On-site wastewater disposal 16 chemicals
Flow modification 13
TABLE 4
Number of States reporting groundwater contamination (maximum possible is 50) (US-EPA, 1994)
Pollutants No. of States Pollutants No. of States
Nitrates 49 Volatile organic substances 48
Petroleum products 46 Metals 45
Pesticides 43 Brine/salinity 37
Synthetic organic substances 36 Arsenic 28
Other substances 26 Other agricultural chemicals 23
Radioactive material 23 Fluoride 20
Other inorganic substances 15

for pollutaan of estieries. Agriaulture allso figures praninently N tre types of polutants as
noted nTable 3. Sedimant, nutriets and pestacidss ocoopy the st four categories ad are
sigwhicatly associatsd with egricuiture. Wnile trese firdirgs irdicate the mpgor inportance
of agricuiture Nvwater poliudan intte Lhited Satss, tre rarking woulld diange nantries
with kessantrol over point souraess. Honvever, adnange nrarking anlly indicates et point
e arols are kess effedtne, ot ttet agriattural sources of liluban are ay ks
polludrg.

The rarking of agriculture as amgjor polliuter shighligted by the stattics of Teble 3
Fully 72 % of assessed river legth and 56% of assessd ladkes are inpacted by agrautture.
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These farding causad tre US-EPA todsclare tet "AGRICULTURE s the leading source of
impairment in the Nation’ rivers and lakes ..."

Sine tre 19/0s ttere hes also been groving conoem N Burope over tre inreesss n
nitrage, phogdhorus and pestacice residles nsurface and groudhater . Intese attnatian
ad “factory”’ Inestok geratias ke o te aaclusian, alreedy drawn by te French n
198D, tretegriautture Ba sigificant nroHoint source antributor to surface and groundhater
polluon (lgez, 198). In a remEt conparison of dovestic, dstrial and agiiauitual
saurcss of polliuaan fram tte aestal zoe of Mediterraneen auntries, UNEP (19%6) foud
tet agnaditure was tre leeding source of pghoghorus canpounds and ssdinent.

The European Community hes reoaded with Directive (91/676/EHEC) on “‘Protectian
ofwaters egairst polliution by nitrates from agriiautural souroes” . The sittation nFrance hes
reaited N tte formation of an “Advisory Camititee far tte Reduction of Waiterr RFolllutaan
by Nitrates and Phosphates of Agriauttural Oriigin’” uncer tre autrorities of tre Ministry of
Agriauiture ad tre Ministry of tte Bwviroment (lgea, 198).

Agniaulture B alo ated as a leedig cause of groundwater pollution N the Unirted
Sates. In 192, fully fatqnire of fifty States htahed tret nitrate was tre prrcel
groundhetter antamirant, folloned closely by tre pestiaack category (Teblle 4). The US-EPA
() cocluded te “More than 75% of the states reported that AGRICULTURAL
ACTIVITIES posed a significant threat to GROUNDWATER quality. ™

In an aalysis of wetdads, tte US-EPA (1924) rqoorted tet- "AGRICULTURE is the
most important land use causing WETLAND degradation

Similar data are difficit 1© dotain or are rot ssteratically ollected ad rgorted n
otter cuntries, honever, numerous rgoorts ad studies rdicaie et simill r aooars are
eqresssd nmany other develgoed ad develgping cantries.

Agricultural impacts on water quality
Types of impacts

As idicated nTable 5 tte inpects of agriauiture on water qality are dvae. The major
inpects willl be disossad ngrester detail in subssguent dgplers.

Irrigation impacts on surface water quality

United Natios” pradictaias of gldal poulation ineeee 0 tte year 2005 raguire an
eqasian of food productaon of aoout 4045%.  Imigabon agniculture, which arratdly
anprises 17% of dl agnaitural lad yet produces 36% of tre worlds food, wall ke an
essntzal component of any stralgyy 1 Inreese tre gldal food gyply. ety 75% of
imigated lad B locaied nceveloping auntries; by tre year 2000 it sestinated tret 90%
will ke mdavelgping cuntries.

In adcbirtaon o prablens ofvateriaping, desartification, salinizaton, ecsin, ec., tet

affiect iImigpted aress, tte prablem of doanstream degracation of water qality by slits,
agradenicals ad toac leeddtes Ba srias eviranatal praolen. “It s of rekainely
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TABLE 5

Introduction to agricultural water pollution

Agricultural impacts on water quality

Agricultural activity

Tillage/ploughing

Fertilizing

Manure spreading

Pesticides

Feedlots/animal
corrals

Irrigation

Clear cutting

Silviculture

Aquaculture

TBT = Tributyltin

Impacts
Surface water

Sediment/turbidity: sediments carry phosphorus
and pesticides adsorbed to sediment particles;
siltation of river beds and loss of habitat,
spawning ground, etc.

Runoff of nutrients, especially phosphorus,
leading to eutrophication causing taste and odour
in public water supply, excess algae growth
leading to deoxygenation of water and fish Kkills.

Carried out as a fertilizer activity; spreading on
frozen ground results in high levels of
contamination of receiving waters by pathogens,
metals, phosphorus and nitrogen leading to
eutrophication and potential contamination.

Runoff of pesticides leads to contamination of
surface water and biota; dysfunction of
ecological system in surface waters by loss of
top predators due to growth inhibition and
reproductive failure; public health impacts from
eating contaminated fish. Pesticides are carried
as dust by wind over very long distances and
contaminate aguatic systems 1000s of miles
away (e.g. tropical/subtropical pesticides found
in Arctic mammals).

Contamination of surface water with many
pathogens (bacteria, viruses, etc.) leading to
chronic public health problems. Also contamina-
tion by metals contained in urine and faeces.

Runoff of salts leading to salinization of surface
waters; runoff of fertilizers and pesticides to
surface waters with ecological damage,
bioaccumulation in edible fish species, etc. High
levels of trace elements such as selenium can
occur with serious ecological damage and
potential human health impacts.

Erosion of land, leading to high levels of turbidity
in rivers, siltation of bottom habitat, etc.
Disruption and change of hydrologic regime,
often with loss of perennial streams; causes
public health problems due to loss of potable
water.

Broad range of effects: pesticide runoff and
contamination of surface water and fish; erosion
and sedimentation problems.

Release of pesticides (e.g. TBT') and high levels
of nutrients to surface water and groundwater
through feed and faeces, leading to serious
eutrophication.

Groundwater

Leaching of nitrate to
groundwater; excessive levels
are a threat to public health.

Contamination of ground-
water, especially by nitrogen

Some pesticides may leach
into groundwater causing
human health problems from
contaminated wells.

Potential leaching of nitrogen,
metals, etc. to groundwater.

Enrichment of groundwater
with salts, nutrients
(especially nitrate).

Disruption of hydrologic
regime, often with increased
surface runoff and decreased
groundwater recharge; affects
surface water by decreasing
flow in dry periods and
concentrating nutrients and
contaminants in surface
water.
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FIGURE 3
Seasonal nitrate variations in shallow sand aquifers in Sri Lanka in areas under intensive fertilized
irrigation

(Vs/a refers to the dry season; maha refers to the rainy season)

YALA SEASON--------- .o MAHA SEASON
CROP CROP

recant recograan tret salinzation ofvatter resources isamajor and wildespreed phenomenon
of possibly even greater concem 1 tte sstardhillity of iImigghon tten B tet of te
slinzatin of saiks, per . Intssd, anly ntte st few years hes thecome gyoarant tet
trae todac astatats, such a8 &, Mo ad As magnadtural drainege vaters may cause
pollutaan prabllems tret threaten the antan ataan of imigataon nsome projects” (Letey et al.,
ated nRoedes, 199).

Rublic health Inpects

Folluted vater isBamajor cause of human disssse, misery and death. According to tteWorld
Health Orgenization (WHO), as many as 4 million chilldran die every year as a reslt of
diarrhoea causad by vater-bome nfection. The kecteria most commonly found n polluted
vater are ool rfoms exreted by humens. Surface ruoff and coseguently moHoInt source
polluion antributes sigifiantly © high kA of pathoges N surface vater bodies.
Inprggerly designed ruall ssnitary faaliities also antrilute o aontaminataon of groundhater.

Agnauitural pollluaan Bhoth adirectand roirect cause of human health npects. The
WHO rguorts tet nitragm leels ngroundhater have gromn mmany parts of tevorld as
a r=ut of “intasification of faming practicg” (WHO,  1928). This phenamenon svell
known nparts of Eurgee. Nitrate leels have gron insome aauntries 1o the point where
more then 10% of tre pgulation sexposed o nitrate ledls ndrnkig vater tetare doove
te 10 my/1 guacelre. Although WHO farcs no sigwficat Irks between nitrate and nitrite
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ad human s, te diarkg water gucklie B estEblidad o preatt
methaeemogldbineemia towhich nfats are partaalarty ssaptable (WHO, 1998).

Although treprablem slessvell dooumented, nitragen pol lubian ofF groundhatter goears
alo o e a prablen nceelgping cntres.

Lamrence and Kumppnarachi (1985) rquortad nitrate cocantratia s gorceching 40-45
mg N1 in imcgation vells tret are located cdioe o tte intesively aultivatad imicated peddy
il Figure 3 illstrates tre variatian NN O 3N which shows a pesk inte maha (raiin)
argoping seesnwhen e groving sinost inesive N3 Laka.

Rerff (1987), nhis disaussian of imigated agriauiture, rotes tratwater pollution shoth
acae ad an effect N lirkegess between agriautture and human heslth. The follloming health
Inpects (Nndesoading order of health sigrficae) which gy, npartadar, todeelaping
antries, were roted by Reff:

D Adwerse eviramatal modrficatios resit mn inproved bresding ground forvectors of
diseese (e.g- mountos). There Ba linkeage betneen Inaeese nmalaria nsearal Latan
Arerican auntries and resenoir arstructaion. Schistosoniesis Billazissrs), aaasitic
diseese affectarg more then 200 milllian people N70 trgoical and sbtrgoical cuntries,
hes been demostrated © have IMyessd draratically n te pgulataon follovrg
resenoir arstructaion far imigation and hydrcellectric pover prodctaon. Rerff indicates
tet tte two graups at geatest nik of infection are farm workers dadicated © te
prodction of nice, sugar care and vegptables, and chilldran tret batie i nfested vater.

°  Contaminattion ofvater yplies prnarily by pestiadss and fatilias. Baessive leels
of many pestacacss have known heallth effledts.

a Miadoiolagical aottamiration of food ages sterming fran use of water polluted by
human westes and ruoff fran grezirng aress ad stodyards. This gplies both to ue
of poliuted veter for imgaaon, and by direct aontaminetaan of foods by washing
veetables . npolluted vater priar tosslie. Inmany develogping antries trare stk
or no treatment of municipal senege, et urben westenater s inaessily keing used
directly or repclled fran recevig vaters, o irigated agricuture. The most common
diseeses associated with aontamineted  irgataon vaters are dolera, tydoid, esarests,
amcbiesis, gadiesss, ad eteroinesie E. coli. Crops ttetare nost inpllicated with
Soread of these diseesss are ground ags tet are eaten raw such as Gldoae, i,
straleries, ec.

©  Contamirettion of food agos with todac denicals.

D Misellasos relaad health effiedts, including treatnant of sead by argeniic mercury
campounds, turbidity (Which rhiits tre effectivaess of disinfection ofwater farpoteblle
L), c.

To ts Ietcan be added fadtors such as tre potentaal farhormonal disrypaian (edhanire
digyatas) n fidh, animals and humans. Hormones are produced by tre body s edoarire
systan. Because of tre aitical role of hormones during early devellgorent, toaclaical

effedts on tre edoarire system often have npects on te rgraodctave system (Karin,
19%). While pesticaidss suchas DDT have been mplicated, the field of edocrine disrypian
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BOX 2: AGRICULTURE AND THE ARAL SEA DISASTER

The social, economic and ecological disaster that has occurred in the Aral Sea and its drainage
basin since the 1960s, is the world's largest example of how poorly planned and poorly executed
agricultural practices have devastated a once productive region. Although there are many other
impacts on water quality in the region, improper agricultural practice is the root cause of this
disaster. Virtually all agriculture is irrigated in this arid area. The Aral Sea basin includes Southern
Russia, Uzbekistan, Tadjikistan, and part of Kazakhstan, Kirghiztan, Turkmenistan, Afghanistan,
and lIran.

Population: 1976 = 23.5 million; and 1990 = 34 million
Area: 1.8 x10s km2 % Irrigated = 65.6% (1985)
Water Balance of the Aral Sea Basin
Perennial (average) water supply: 118.3 km3/yr (100%)
Irrigation demand (current estimates): 113.9km3yr (96.3%)
Consumptive use in irrigation is 75.2 km3/yr (63.4% of available water supply)
Irrigation Expansion and Inflow to Aral Sea
Irrigation: Since 2000-3000 B.C.

1950s + - major expansion

1985 - 65.6% of total land area
Inflow to Aral Sea: Historical: 56 km3/yr

1966-1970: 47 km3/yr

1981-1985: 2 km3/yr
Salinization

Magnitude and acceleration of salinization is demonstrated in Uzbekistan

Salinized Area % of Total Irrigated Area
1982 12 000 km2 36.3
1985 16 430 km2 42.8

Public Health Impacts (Over past 15 years)

Typhoid - 29-fold increase (morbidity index up 20%)

Viral Hepatitis - 7-fold increase

Paratyphoid - 4-fold increase

Number of persons with hypertonia, heart disease, gastric and duodenal ulcers -up
100%

Increase in premature births - up 31%

Morbidity & Mortality in Karakalpakia from 1981-1987

Liver cancers: up 200%
Gullet cancers: up 25%

Oesophageal cancers: up 100%
Cancer occurrence in young persons: up 100%

Infant mortality: up 20% (1980-1989)
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Ecological and water quality impacts

Salt content of major rivers exceeds standard by factors of 2-3.
Contamination of agricultural products with agro-chemicals.
High levels of turbidity in major water sources.

High levels of pesticides and phenols in surface waters.

Excessive pesticide concentrations in air, food products and breast milk.

Loss of sail fertility.
Induced climatic changes.
Major decline and extinctions of animal, fish and vegetation species.
Destruction of major ecosystems.
Decline in Aral Sea level by 15.6 metres since 1960.
Decline in Aral Sea volume by 69%.

Destruction of commercial fishery.

MISMANAGEMENT OP AGRICULTURE IS THE ROOT CAUSE

* Increase in irrigation area and water withdrawals.

* Use of unlined irrigation canals.

* Rising groundwater.

Extensive monoculture and excessive use of persistent pesticides.
Increased salinization and salt runoff leading to salinization of major rivers.
* Increased frequency of dust storms and salt deposition.

Discharge of highly mineralized, pesticide-rich return flows to main rivers.

* Excessive use of fertilizers.

UNEP (1993) concludes that, 'high mineral (salt] content in drinking waters affects the morbidity
of digestive, cardiovascular and urine-secretion system organs, as well as the development of
gynaecological and pregnancy-related pathology,' and '... the effects of pesticides on the level of
oncological (cancer], pulmonary, and haematological morbidity, as well as on inborn deformities
and other genetic factors .... exposure to pesticides also has been linked to immune system
deficiencies...".

(Source: UNEP, 1993. The Aral Sea)
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B hisinfaxy ad datavwhich ot case and effectare rot yet aaclusive. It spraxebly
safe oacluke, hovever, trethigh ledlsofagriaiitural cottaminents nfood and water as
are foud nmany develgping country sittetios have serias nplicatias far reprodcaan
and human healith. Box 2 presants a suney of tre agriaultural inpects intte Arall Sea regian.

Data on agricultural water pollution in developing countries

Datam\/\atermllmm n ceelgping auntries ae Imrted. Furtter, such data are nostly

, ot distarguishirg tre relatne prooortian of "ot and oot " sourass.
InThailad, 1te Ministry of Rublic Halth rgorted tre results of pollluaan monitoring of 2
ras (Teble 6).

Resticice consunption hes stragly  TABLE 6
inmeesd in dl da,elqairg auntries. In  Pollution of 32 rivers in Thailand (Ministry of Public
Irdia, consinption inoreesed nearly 5D~ Health, Thailand, 1986)
fold betneen 1958 ad 1945. Yet te Types of pollution No. of rivers affected

Idian consunption N 1973-74 wes out of 32 monitored
reoorted 1o be averaging amere 330 ghs, orani
~ - ganic waste 13
e ed 10_14& g NUSA and 1870 gmn Microbial waste 20
BEurgpe (Auaala, M)- Heavy metals 8

Acoording tovarias Sngys n India
ad Alrica, 20-50% of vells antain nitrate ledls graater then 50 /1 ad nsone Gas=s
& high as saveral hundred milligrars per lite (Convey and Rretty, 1983). Intte develqpirg
anries, it swAlly vells nuvllerss o dee 1 toans ttet antain te higest ks,
sty ttetdoestic eaetaare ttemain suree, though Inestokvestes are particlarly
Inortant N sami-arid aress where drirking traug s are cdloe tovells.

Types of decisions in agriculture for non-point source pollution control

Decisias by agradituralists far antrol of agrauitural nonHpoint source pollutian can ke e
\arias Sales. At thefield level, dsaisias are influencad by very laal fedtos such asap
tye ad lad use management tedmniges, irchuding use of fartillias and pestaades. These
casios ae besed on best management pethcesitstarepslbleunbrtrehd
ciraustances and are meant tomeximize econamic retum 1o tte farmer while safeg arding
treeviramant. Local dscisias are made on tre kests of known  rellataaehips between farm
practice and erviramatal degradatian lut do NOT waally involhve geeaafic assessvatt of
farm practacss within tte larger aontext of rivear besin inpeects fram other types of sourcss.
Decisias regarding use of veste vater, shulss, e, far agriautiual gplication ae alo
made wsing gaeral knovledge of known inpects and of measures to mitagaie or minimize
tee nMects. Seecific recomendatioss ae made N each dgpter of this plicataon.
Honvever, tte dallate far ggadtunsts stonthiliz te knovledge bese ad tomake &
aaileble 0 famers.

At treriver basin scale, tte rature of decision meking squite diffarat. At tis sake,
te Al decisioHeking prablem far noHoint sorce anrol N many . devellgoing
antries stet illstraisd nBox 3
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BOX 3: A TYPICAL SCENARIO FOR DECISION MAKING

1. Environmental status:

HIGHLY EUTROPHIC or CONTAMINATED LAKE OR RIVER
HIGH TURBIDITY
ECOSYSTEM DYSFUNCTION
I
I

2. The database and institutional capability is very frequently found to be:

NO POINT OR NONPOINT SOURCE CONTROLS
LITTLE RELEVANT DA TA
POOR LABORATORIES
INADEQUATE SCIENCE / KNOWLEDGE OF ISSUE
LITTLE MONEY
1
1

3. The usual questions in such situations are:

WHAT IS THE IMPACT OF AGRICULTURE
RELATIVE TO OTHER SOURCES ?
for
Nutrients Sediment
Pathogens Salinization
Contaminants

4. Type of solution:

WHAT IS THE MOST COST-EFFECTIVE MEANS
OF REHABILITATION OR REMEDIATION?

Comprehensive Basin Management
Point Source Control versus Non-point Source Control

It 5ot ossible n tis plblication t© desrile inceail e “tools” tet are usad ©
adress this besinscale management prdolen. Moreover, many of tte tooks are ot yet
Systaratizad to the point where trey are essily accessible 1o agiiaitural practiticars.

The data problem

One areg, honever, tet svell known, sthe data prdblem. The water gality catebese tet
saalldole nmany cevelgping cntries (@d nsare develgoed auntries) sof hittkevalle
i pollutaan management &t tte var besin salke nor B kuseful far determining te npect
of agniaiiture riatie to other types of anthrgoogmic npects.

A common dxeervatian anongst water g.ality professicals s tret many vater gality
programes, egecially ntte develgping antries, allect tte wrong parareters, fran te
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wrong plecss, usig tre wrong susstrates ad at inigrganiate sarpling fregaaes, ad
produce data tret are often quite urelisble. Furtter, tte ditaare ot assessd or evaluated,
ad ae ot sfficetly arected © rEstic ad nesningful programe, kB ar
management dojedtines. This srot tre fault of tre develgping cuntries; more often s lits
fran igpgxiate tedrologyy trasiar fran te develgeed cuntries ad an oot
assupon by recipiets and doors tet tre data paradign develgped by tre devellgoed
antries sgpguiate nte cevelgoing antries Qgley, 199).

Addrtaarelly, water quality mnitoring programes, worldvice, are uder saare stress
& goverments reduce buoets, dowsize, ad sift paaities. "Monrtoring* hes becore a
dirty word and goverments are inaessirgly reluidtat topay far ik Paradoaclly, te need
1o rlible vater qality infomatian hes never been gedter. Farturetely, new scetafic
ressard), togetter with bucoet relliies, now mekes  itpossiblle 1o rethirk and redesig cata
programes tetare ierently more foasd, more practacal, more effiaat, proouoe more
informataion and kess cata, and whilch meet programe gaals nmeasurablle econamic tems
(&= Ogoter 5).

This pblicatian s ot tre place t© dal abstantively with new monitoring (Aia
allection) tedmiges; hovever, saiffidat o rote here tret nonitoring tedrolayy hes
daged daatically n te pest ek, 1 te point where sigficat econanic ad
informataan gairs can be achieved nmost mnitoring programes . ((rgpter 5). Sigrfiat
for agriattural programes 6 tret vater g ality dita are rarely collected by ministries of
aiaitue. Neertreless, astaireble agriaulture within tre framenork of comprehensinve
kesin management will recuire releat and rdigdle cata upon whiich to make management
deasias. This will recsssitate intenantian by sgriclturalists inedastirg vater qality cata
programes  ifreleat data are 1o be colledted far agrauttural management purposss.
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Chapter 2

Pollution by sediments

Although agniautture antributes o awide rae of water gality prablers, anthrgoogenic
atsian ad ssdinentatian B a gldal isse tat tats © ke pranily associated with
aniaiture. While thare are no gidal figues, ksprdxble tratagriailiure, nthe broecest
anted, s resaosible far much of tre gldal sedineit yply o nvas, Hes, estuanessad
Tfrdly no te worlds oceas.

Follutaan by sedinent hes two major dimasias.

One is the PHYSICAL DIMENSION - top soil loss and land degradation by
gullying and sheet erosion and which leads both to excessive levels of turbidity in
receiving waters, and to off-site ecological and physical impacts from deposition
in river and lake beds.

The other is a CHEMICAL DIMENSION — the silt and clay fraction (< 63pm
fraction), is a primary carrier of adsorbed chemicals, especially phosphorus,
chlorinated pesticides and most metals, which are transported by sediment into the
aquatic system.

Brosion salso a ret ast to agriautture irsofar as Iess of top sl rigaresants an econamilc
Ioss thrauh Iess of pradlctanve lad by ercsion of tp sail, and a loss of nutrients and argeniic
matter et nust ke replaced by fatilia &t arsicereble aost © tte famer N oder ©
maintain sl prodctvity. The reeder B refarrad © Roose (FAO, 19948) far a cetailed
aslysis of tte soaal, econamiic and hysiical comsequences of ercsion of agriauttural lard and
of meesures ttet sould ke taken to atrol ercsian uder differat types of lad u=,
egcially ndeveloping auntries. Whereas Roose smainly aoncermed with tre inpect of
arcsian on gyriaditure, this plblicataan sprnanly concermed with agriautturall ercsian fram
tre pargoectave of iits Inpects on downstream water g.ality.

Gotrol of agnauttural lluaan wally begirs, terefae,  with messures t© antrol
ercsion and sedinent ruoff. Therefore, this dgoter dalls with tte prrcaal medhanisns
which govern erosion processes, and those measures whilch can be taken to antroll ercsion.
Processes disossad here alo gply 0 fatliar and pestaicck ruoft presaited 0 tte
follovirg dgoters.

Sediment as a physical pollutant

Gldal estarates of ertsian and ssdiment traagaort mmgjor rvars of tre world vary wickly,
reflectirg tre difficulty indotaining relicble \valuess Tar sediment concantration and disderge
nmany antries, tte assunptios tet are made by diffaret researders, ad tte qoosing
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eflets of aoelerated ertsion due ©© human adiMities (Cefarestatian, poor agrnauitural
practaces, roed arstructian, et relatie to ssdiment storage by dam arstruction. Milllinen
ad Sptda (192) estinate gldal ssdimat leed 1© cosas N tte mid-20th cantury &£ 20
thousard million %, ofwhich about 30% comes fram rvars of scuthemn Asia (aircluding tte
Yagtze ad Yellov Rivers of Chire). Significantly, they keliee tet alnost 50% of te
gidal i comes from ercsion associated with high il on islats of Oceania - a
phenomenon which hes been uderestimated N previos estimates of gldal sedimant
prodlctaan. While ercsian on mountainous  islats and nupland aress of antirental nars
refledts retural topograchic influaaes, Milllimen and Spatda augpest tethuman influaess
nOceania ad southem Asia cause disarqoortiaately high sedinent leecs ntrese regios.

Sedinait, as a hysical pliuat, npects recevirg vaters in tre follovg prrcaceal
Veys:

e High less of turbidity limit pretration of anligt o tre water colum, thergby
Imrtag or prchibiting growth of algee and rooted aguatac plats.  In spanning nas,
gael beds are blanketaed with fire sediment which irhibits or prevents spanniing of fig
Ineftter ==, tte consequence BAISIPION of the aguatic ecosystem by destructaan of
hebitat. Notwithstanding these udesirable effedts, tte hypertrghic (utnent nd) stetes
of many sallov BHes, egaaally ndaelging cuntries, woulld give e o Imense
gronth of algge and rooted plants were itrot far tre Iimitarg effect of ligt edarctin
due tohigh tuhidity. Inthis saee, high turbidity can be “tareficial’” nhighly eutrghiic
Hes; reartteless, many aontries reognise tret this sittation s utssirable Tar both
aestretic and econamic reesas ad are sesking means 1o reduce both turbidity ad
rutriet ledks. Box 4 presats tte inpect of ssdimanit on aal reefs.-

= High ledls of sedimentation N rvas les 1o physial disygdan of tre hydraulic
daaderistics of tte darel. This can have srias Inpects on revigataian thraugh
redctaon in dgoth of te darel, ad can leed ©© 1Ioeesad floodig because of
redctias nGgxecity of tte rvar darel toeffiaaetly route vater throgh tre draiinece
kesin. For eamle, calalatias by teUFRGS (1991) of erosionand ssdinent tragart

BOX 4: SEDIMENT AND DESTRUCTION OF CORAL REEFS

Sediment has been identified as a major cause of decline and destruction of coral reefs, world

wide. Experts (M. Risk, pers. comm., 1995) estimate that percentages of reefs affected by siltation
are:

Central America — 100%

Polynesia — 10%

Asia — nearly 100%

Worldwide — 60-70% of fringing reefs

Studies of coral reefs in the Australia indicate that terrestrial particulate organic carbon can be
transported off-shore over distances of 110 km to reef locations (Risk et a/., 1994). Sediment is
largely produced by agricultural activities and from erosion of deforested lands. Sediment
production from intensive logging of the island of Madagascar have killed the fringing reefs.
Observations from space described the transition of Madagascar from an island of green in a sea
of blue, to an island of brown in a sea of red (sediment).
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nte Seo AFrancisoo River Besin, a lage drainege system inesstem Braail, dermostrate
tet tte antral portion of tre river besiin isnow dominatted by sediment dgoosition.. This
hes reaulted N serias disyoan of nvar tragaortatian, and cllags hydraulic faallities
tet have been hullt © proaice Imcaton veter from tre main mar deael. The
sadinet lately anigirates fran rgpidly erading slbesirs due to poor agriauttural
practicss.

Sediment as a chemical pollutant

The rdie of sedinerit ndemical polliuaan Bt both 1o tte partaclke stz of ssdinent, ad
10 tre anount of partaaulate argeniic carbon assciated wirth tte ssdinent. The demicallly
adtive fractinof sediment swaally aitedas tret porticnwhiich Bsraller ten63pm @it +
clay) fraction. For phogphorus and etals, partidke siz2 sof primary Inportance die o tte
late aufare aea of vary srall @rtides. Phogphorus and netals ted to ke highly attracted
1 0c exdange s ttat are associated wirth clay partidies and wirth e ironand manganese
catings tet comonly coour on ttee sall @tdes. Many of tte passtat,
bicecoumullating and todac argenic aataminents, eseecially chiloriraeted compounds ircluding
many pesticaces, are stragly associated with sedinent and epecial ly wirth tre orgeniic caroon
tet B tragoted as part of te sedinait leed N vas. Measurement of phosporus
tragort nNorth Arerica and Eurgpe  irdicate ttetas much as 90% of tre ol phosonus
i N mas can be N assooiation with suspenced sedinant.

The affinity for partiaulate matter by an argenic demical s desariled by s ataol-
water parttionirg aefiiaent (Kow). This partitionirg aeffiiciet svell known far nost
agaic denicals ad stte Esis for padicarg tte eviramantal e of argenic demicals
(&= Ggoter 4. Chemicals with lov values of Kav are resdlily sollblle, whereas those with
high \valles of Kav are desoribed a5 “hydrgdhdbic” and tad t©© ke assooiated wath
particliaies. hlorinated canpounds such as DD T and other chilorinatsd pestaicicess are \very
hydroghobic and are iot, trarefare, esily avlysed nwater sarples die o te vary lav
solhility of te demical. For ataic denicals, te nost nportant conponent of te
sadiment lced gopears 10 ke tre partiauliate argenic carlbon fracaanwhich s ragorted s
part of tre sdimet. Soientasts have furtter rehired tre partstianirg cosfhiaant o cesorle
the asscciation wirth tre argenic carloon fractian (K.

Another Inportant \eridble B tte caoatratian of sedimant, egecially e <63 pm
fradtion, In tte water colum. Bven thoeee dremicalls tret are highly hydrgahdbic walll be
faud ntrae ledks inolole fom. Where tre suspaded loed Bvery stall (&, kessten
25 /M), tre anount of vater B0 late relatie 1o the amountt of sediment et tte bulk of
tre lced of the demical may ke ntte Soluble fraction. This becares an mportatt IsS.e n
tre nonitoring of hydrgahobic demicals as noted nTable 17.

Uhlike phosphorus ad netals, tre tragoort ad fate of sedinentessociatsd arganic
denicals sanplicataed by miadoial degracatian tret coours during sedinent tragaort n
masad ndgosited ssdnent. Naertteless, tre role of ssdiment ntte trargort and &e
of agriauitural denicals, hoth for nuriets, etals, and pesticicss svell known and must
ke taken N acoount when mnitoring for trese demicals, and when gplying mocels asa
means of determining gotimall management strategies at the fidldand vatershed ledl. For this
reesm, mocels using the " fugpcity ' aonogpt (Lsss tre partaionirg deradtenistics [Grepter 4]
of demicals as a lesis Tar determining tre erviramantal corpartment - ar, ssdnet,
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FIGURE 4
Schematic diagram showing the major processes that link rainfall and runoff
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(Soil Moisture) Interflow

Baseflow to rivers

Groundwater

vater, biola - mwhich tte demical sprnarnily foud) hes proven effectine n pradicarg
tre eviramental pathwaeys and fate of contemirents (Mackay and Paterson, 1990).

a Conclusion: The role of sediment as a chemical pollutant is a function of the
chemical load that is carried by sediments.

Organic demnicals assooiatad with ssdiment enter o tre food dain ina \arety of
ways. Sediment B directly ingessted by fish hovever, more comonly, fre sadinent
(Es=aally tre caron fraca) s tte food ayply Tar benthic (cotton diellig) orgeniss
which, n wm, ae te food souce 1o high agmiss. Ultmately, toac compounds
bicecounulate infishand otter tp prechiors. Inthisvay, pestaicicss tetare trargoorted of
tre lad aspart of tte ruoffand erosion procsss, acounulate ntop precators including men.

Key processes: precipitation and runoff

The mgjor daraderistic of nonHooint souree polliubian sttettte primary trarsfar mednenisns
fran lad tovater are driven by those hydrolagical processes trett keed to ruoffof rutna s,
sgiment, and pesticicss. This B inportant, ot anly o uterstad tre reture of sgriauitual
pollutaan, but allso because model ling of hydrolagicall processes stte primary mechanism by
which ayiadtualists estinate ad predict agriaditual ruoff and agatic npects. Bogpt
where agriaiitural denicals are dunped directly o vaterocourses, alnost dll otter non-
point source antrol tedniges N arialiue Inohe anrol o madirficataan of ruoff
processes through varios lad and aninal (renure) management tedmigLes.
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In late parts of trevordd, precipitataon s ntte form of ran. Honvever, ntiose aress
where pecipitaticn B N te form of sov, tte sciee becares more aomplex.
Naertteless, antrol neeaures, whether Tar aress 9bject  rain or snow céan e esslly
sumarized. Therefore, foartre purpose of s policata, foaswill ke on tre relatic e s
between ranil ad ruoft.

Wi le tre practace of hydrolagy can e quinte trearetical, tre prraial conogpts are esily
uderstood (Figure 4).

Rainfall: The primary antrollirg fector s tte rae (e sity) of rarill. This antrols te
anmunt of vater aailcble at tre groud surfae, ad scloely related tomeasures of aergy
tetare used nmany natheratical fomulatios 1 cladate sal detadmant by rain dgs.
Sail detachment makes saill particles aaileble Tar sediment ruoff.

Soil Permeability: RFemesbility sa dhysical daadarsticofa sal ad sameasure of te
callity of tre sl 1o pess vater, uder salurated aodraas, through tre retural \oics tret
east nte sal. Femedhility sa futtion of sal tedure, mireral and argenic aoposIaa,
déc.. Inatrast, poosity” ste measure of tre amount of void soece na sal; honever,
pamesbility refars 1o tte edant towhich te porcsity Bmade Up of intercarectarg \oids
tret allov vater 1o pess thraugh te sal. As an eample, styrofcen i highly poros bt
inpermesble, whereas a Sooge Bloth porous ad pamesble.

Infiltration: Nl rate, tte rate atwhich surface vater pesses o te sall (@tr), B
ae of tte most common tems N hyaolagic eqatias faor caladating sufae ot
Iniillration B ot idntcal o pamesbillity; £ smainly antolled by Gillary faas nte
il vhich, intun, reflet tre preailirg coditias of il noisture, sail tedure, degree of
aufae aonpection, et Infiiltramnwillll vary between and within ranfalll eatts, degpading
upon fadtors such as antececat sl noisture, reture of veptatin, ec. In gaerdl,
rhltato rate bgins ata high valle duiing a precipitation eatt, and deareeses toa sl
\alLe when tte sal hes becone saturated.

Surface runoff: This i the amount ofwater aailcble at tre surface aftardll losses have been
aooounted far. Losses icluck eigootranspiratian by plats, water tet s storad n aurfae
cqressias causd by imeglianty ntre sl surface, and water tret mhileates o te sall.
The intaractian between Milltrataon rate and precipitataa rate mainly goverms tte anount of
aufae roff. Inte=e rairstoms tad o produce much surface ruof T because tre rate of
precipitataion greatly exoests tre mhilration rate. Similarly, naress of monsoonal rain ad
GGeaaty. Destruction of protectinve surface vepetataan and conpection of tre sall, eseecially
n tical eviromatts, leeds omgjor ercsiaal phenomena due 1o tre anount of surfece
ruoff (Figure 5). Bxogpt for nirag which swAlly foud ngroundiater magriauttural
aess, ufae ruoff stre primary antriutor of sgrauttural demicals, aninal vestes, ad
sohimet o mer dartels.

Interflow: (sovetimes clled "“througifloN ) Because il horizos have differat leds of
pemecbility rot dll water nte sl willl move dovward o tre groundhater. The residal
water nte sl willl move alag tre sal horiaos, @al to tte ground aurfae. Interflav
wally emerges near tte bottom of sigees ad n\alley bottors. Therefore, bntahicatan
of ttese hydrolaggically active zoes Ban inportant part of agricultural mHoINt source
antrol nessures.  Interflov B tte mechanism whiich hes also been linkad o sall pipig, a



24 Pollution by sediments

FIGURE 6
Relationship between drainage area and sediment delivery ratio (Source: USDA, 1983)

Drainage Area (Square Mika)

potentzally cestructinve daeradteristic n some oils by whiich Salllov "pipes” form returally
nte sal ad ae enlarged by interflov o the point where trey colllgee causing gillliess n
tre agniadttural arfae.

Groundwater: Groundnatter Bjlied by waterwhich pesses through tre saill horizos o
tre parant naterial ad/or bedrock uderlying tre sail. Groundnater tads 1 flov tonards
masdarelswhere tererges ad aports stream Aoy during periacs of ittieor no ran
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This component of stream flov Balled "Tese flod'. The demistry of besefloy reflets te
sl ad bedrock geodenistry, plus ay agrodenicals tet have been leeded Mo te
graudhater.

Shonrelt: The phenomenon of smoarelt geatly aomplicates predicaan of agniauttural
pollutaan using convendarell hydrollagic mockells. Sowrelt, by itslf, srotromally amgjor
producer of surface ruoff. Honever, the aorbination of soring rainand snoamelt on frazen
or thawing sils can produce senias ercsia el pradblens. Snovmelt taos oantriute gestly
0 agniauitural nonHoint source polliuian by canryaing o adjecant streans tte aninal vestes,
slutes, and otter vestes tret were spreed on frazen agriaditural sdiks durirg e wintey
periad. Correct management of animal westes n regias of frazen ground hes mgjor
bereficial effects on vater gality.

Key concepts
Sediment delivery ratio

The sedimat celnvary ratio (SDR) s comonly usad nercsion ad tragort stuoies ©
cexrile tte extant to which eroced saill (sedinent) s stored wirthin tre kesin. The SDR B
cefired &

SDR = Measured Sediment Yield
Gross erosion in the basin

where yield B determined fran resenoir sedimentataon or from a sedinent monitoring
Stati, and gross erosion Bestimatad Lsing an estimratian tedmigues such as tte bhineral
Sl Loss lpataon.

The SDR Balvays ks tten 1.0 as ilkstraied n Aigure 6, ity tet sl tet B
eroded et tte field leal tads ot to trad farbefore Eisdqosited.  Inobd, sediment storage
nnlk on fieds, a field margins ad at tre foot of siges B late. Storage also coours n
ma darels (bad ad overtank dgoositaay), nvetads, ad nresenors ad Hes. The
SDR B highly \eridble, honever tte coogpt B ae of te nost nmportant n te
uterstading of ercsion and sdinetation prooesses and how tree qeerate N tine ad
sk (&=, fareaple, Valling, 1985).

Sediment enrichment ratio

The aonogpt of tte sediment enridnent ratio (SR) sauite inportant nuderstading te
inpect and econamic asst of demical ks fran fieks. The process of aurface ercsion et
e Hletive tonards fire prtides. Cosguently, tte partaicdke si2 daradaristics of
naterial eroced at source @ tre plot led) sBpoesively dangad tonarts firer rtidies
through doositaon of tre coarser freadtion (e.9- sad-size naterial). Because of ttedemically
arided raeture of fire partides die 0 te late aufare aea of daysiz ssdatt, te
aEttraton of demicals tret are associated with sedinent (dogdonus,  netals, agenic
nitragen, hydrgohobic pestiads) Inreesss as e Inpoverised sadsiz fracian B k=t
during donn-field trargoort resultrg nan inessirg prgortaan of te demically evided
fire @ltdh) fraction.
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TABLE 7

Agricultural non-point source models (Compiled from: Beasley and Huggins, 1981; Knisel, 1980; Lane
and Nearings, 1989; Novotny and Olem, 1994; Young eta!., 1986; Abbott eta!., 1986)

NAME APPLICATION TIME SCALE SPATIAL SCALE

A. Low to medium data needs

Sediment loss
Nutrient loss

Unit area loads (statistical
prediction)

Long-term averages 10's to 100's km2

NOTE: Statistical models use aggregated data for comparable conditions. Predictive power is low but can be
useful for screening purposes or where no field data are available; or where the spatial scale is so large that

field data are uneconomical.

USLE (Universal Soil Loss
Equation)

RUSLE/MUSLE
(Revised/Modified USLE)

Average soil loss for
specific crops, etc.

Average soil loss for
specific crops, etc.

Annual

Annual

Plot/field

Plot/field

NOTE: Empirical USLE-type models have been applied to large area analysis, using remote sensing data, etc.
for regional estimates of soil loss (e.g. Brazil). USLE-type models are often incorporated into more detailed

hydrological models below.

6. Data intensive modelling (process-oriented)

ACTMO (Agricultural Chemical

Transport Model)

AGNPS (Agricultural Non-point

Source Pollution)

ANSWERS (Areal Non-point
Source Watershed Environ-
ment Response Simulation)

CREAMS (Chemical, Runoff
and Erosion from Agric.
Management Systems)

EPIC (Erosion-Productivity
Impact Calculator)

HPSF (Hydrologic Simulation
Program-Fortran)

SHE (SystGme Hydrologique
European)

SWAM (Small Watershed
Model)

SWAT (Soil and Water
Assessment Tool

SWRRB (Simulator for Water
Resources in Rural Basins)

WEPP (Water Erosion
Prediction Project)

Hydrologic processes
Water quality

Hydrology, erosion, N, P
and pesticides

Hydrology, erosion, N P
and pesticides

Hydrology, erosion, N, P
and pesticides

Hydrology, erosion,
nutrient cycling, crop and
soil management and
economics

Hydrology, water quality
for conventional and toxic
organic pollutants

Hydrology, with water
quality modules

Hydrologic processes,
sediment, nutrients and
pesticides

Hydrologic processes,
sediment, nutrients and
pesticides

Water balance and
hydrologic processes and
sedimentation

Hydrologic processes,
sediment processes

Event, continuous

Event, daily,
continuous

Single storm

Daily, continuous

Event, daily,
continuous

Event, daily,
continuous

Event, daily,
continuous

Daily, continuous

Event, daily,
continuous

Event, daily,
continuous

Single storm, daily,
continuous

Field

Grid cell, field scale

Grid cell

Field scale

Field scale

Watershed

Watershed

Watershed

Simultaneous
simulation for
hundreds of sub-
basins

Watershed

Hillslope,
watershed, grid cell
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The Sediment Enridhment Ratio (SR) sdehined as

_ Concentration of chemical ™ X" in transported sediment
Concentration of the chemical ™ X™ in the soil

Saediment demistry Bmeasured atsane ointdowslge, eg., atteedge ofafilldar
nadjecnt stregrs.

The nportance of tte enridmant ratio Iiss ntte fat et tere sprgortaaally nore
firegaind sedinent tragoortad then coarse-grairned sedinent duning surface ercsian.
Trerefore, the ssdimant being trargoorted Fes a firer tedure tren tre source sl naterial.
Because of tre affinity of il rutnets for fre ssdimatt, this prgortaaelly lagr koss of
e naterial means tet ttere Bret npoveridmat of te sal. As disassed nGepter 3
(atilia), this wally astituies "ining” of te retual nutriitian of te sl Often
refarred toas "retural Gpital’) and which may never ke repllacd by the ectirtaon of faraliar.
The axt 0 tte famer B ttarefae two-old: ks of pralcavity de o kes of ratual
rurnitian n te sal; and econanic ast of fatlia which B added N te attept ©

apensate for ts s,

Measurement and prediction of sediment loss
Prediction models

Aonadtturalists worldvide have st much tine and resourass attenptarg 1 fird reliedle
methods of predicang erosion ad ssdinentessociated demical  ruoff uder differat
aditias of am e, tlle patics, dc. sy, ttare sa lage nunber of
nmocels tet have been develgoad for tre predictaan of agraubtural nonHoint source ruoff
of ssdineit, nutmients ad pestiadss. Many of tte nocels permirt gaming with altarretine
doicss of lad manegement, a e, ad fatlEa-ad pestaicack gplication raes. Because
dll mocels (eept unit lced mockels) reguire hydroretric imqutand many use a ssdimat sLb-
componet, kEsgpgoriate B ineyae ttese noa sirgle teble (Teble 7), togetherwith treir
sl d L

Inggeral, ttaere are three types of mocels besed on It cata nescs.

1 Sinple screening models, suth as tte unit load approach, attenpt t© provce
gooraximate asiers aoout tre likely megnitude of sedinanit and demical ruoff. This
gooroach Ba sttt nethodology mwhiich data on ruoff of ssdinent, nutments ad
[Estacicss on a unit area [esis (g tares of sedinent per hectare) are collated fram
many studies o reflect shilaitiess nam e, sl ad physiogghic daadaistics.
Unlike tte otter types of mocels which ae lagely foossd on predician ad
inprovement. of agricultural management &t tre fam ked, te uit leed goproech B
mainly fooused on inpects of agriaulture on doanstream water gality and wathout
arsiceration of altarratae farm management practacss.

Despite tre urdhility ad kage margins of erar (refa to Tebles 8ad 14 ad rekatad
e, this goporoach hes been wicely usad as a ast=effectnve means far providing fase
gpraxdamation asers for ggattual ass far which tere ae o calas The
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methodology was angirelly devellgoed by McElroy et al. (1976) who collated a major
chtatese on it kaacs. This goorcech was furtter devellgped o a US-EPA Sareeniing
Procedure by Mills et al. (1985) ad which remairns tte most conprehensive document
on tteabject. Lhit lced data reflect aodirtias intre Unirted States; gplication of ttee
chta to otter climatic and physiogrgahic erviraments should be aoided. Nevertieless,
it Ban gooroech et may be worth aosicering far develgoment notter arts of te
world.

Sinplle empirical relationships: te wicely used ad regpected Unversal Sl Loss
Equation (USLE) ofWisdmeler (19/6) hes hed remarkablle suoaess attre plot led ad
hes been Inoorporated o many  of tre campllex models of Table 7. The USLE B
desiged as a field management tool and provices aggregated  informatdon at e stom,
se=x0dal or anal lkd. Wisdheier (19/6) rqortad tet tre average pradiciian enar
faramnal sal ksswas 12%; lager enrars are 1o be eqoected far sirgle stom eaits.
The USLE so0ne way 1o determire ercsion potentzal far imut nto the derominattor of
tre Sediment Delivery Ratio. The USLE i detailled here because of ils suoesss ad
because tte same type of goorocach hes been ussd mAfrica Evell ad Stod<ag, 1989)
ad elsanere (eg- Modified USLE nBaal by Gaves, 190).

The USLE salailated es

A=R.K.LS .C.P

= Galaulatd sal less nt/a far a given storm or

Ranfall energyy fadar

Sl aeility factor

Sige-legth fador

Cropping management fector (egetative aoer)

Brosianantrol practice fector
Each of tre fectors can ke calaulated or estimated wsing fielddata @ ntte case farR
ad LS) ad from tebles or naonograms far dl otter fadtars. Novotny and Ollem (194)
provice an ecellatt comentary on tis and otter methods far estanatarg or nocel ling
aosia. The USLE desiged for raniall anly and does ot hardlle snoamelt or ranél
on frazn graud. The USLE requires calibrataon cata fran stachrd plot eoeriments

which are wicely aaildble nNorth Arerica ad, more Iimitedly, from otter parts of
trevordd.

U06xm>

At tte namaticel lked, tte sipliaty ad effectnvaess of tre sl loss gooroach
prompted an nportant sares of eerinaits nZimbabwe intte 1950s and 19935 with
tre primary dgjective of determining bosses of nitrage, phosphorus and argenic carlon
fran tre ratual E|tlity of te sal. According o Stodkirg (FAO, 1986) who
edastinely aalysad tis dataese, Ergoesaited @ tte tine of his gort) te "best
such databese nany develgping or trgoical cantry*. This work led o tre develgpment
of tte SLEMSA model Gl Loss Baluation Model for Southerm Africa) far cadiitias
n Southemn Afmica Evell ad Stoddag, 1982). The valle of this goorcech hes furtter
ldFAO (1955) todevelgp an namatical retwork, " Network on Brosion-Induced Loss
n Sl Pradcavity ', with ressarch partrers nAfrica, South Averica and Asia (@ of
195 - naral FAO comunicatian).
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FIGURE 7
Erosion measurement plots in the Negev Desert. Israel

Although Wisdmeiler (19/6) hes cautiaed egarst extarding sl koss models beyord
fidd Ioss studies, these mocells are intuitively attradtine far pradiictirg erosion oer” lage
aes. ltsould be moted tet, due 1 tragort bessss (Sediment Delinvery Ratao roted
donwe), suth ercsion estarates gply anly o oA erosion at source ad do ot reflect
sedinent laeds (@ sedineant yaeld) measured at downstream loataos. Such estinatarg
tsdmiges wauld, ifcalibratsd <o tet tre errars are known, have ussful glliication es
asoenig ol for the estinatian of erosion potentsal uder cadrtaas of simillar a,
sil and tgogrghic fadasoer lae ases. Inaratiadlly, taere gpears to be itk
systaratic infomation on calixataan; honever tte Network on Brosion-Induced Loss
n Sl Prodctovity (FAO, 1991) may evatally provice surteble infomataon.

The most extrare exaple of use of tre sl ks goproech Tor lage area estiration B
N Brazl where tte UFRGS (1991) ad Canvalho (1983) used lage area maps ad
sdlie dala 1 estirate 2aal of tte parareters of tte USLE for gplicatian &
regicel sEkes. The et was 10 provice gereralizad estinates of rggical ercsin
potenial for tre etare cauntry. Whitlle this goproach hes wide margins of enar, &
rgaresats a method of soreenig far ngjor dhange N erosian potentaal ansirg fram
ocnbiratios of agnadtwal lad e, diate, ad topogrady ad nerits futter
arsiceratian, eseciallywhere plot@liratiand e sediment montoring cetlaare
aailkble.

Together with tre need tofurtter develgp soreening led nocels, stte need hgarerate
inproved field data on ercsian ahd sedinent kss. Hudson (FAO, 19930) hes presented
awide rage of sinple field measurement tadmiges tet ae partaaiady wseful n
developing cntries.
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TABLE 8
Selected values for sediment loss

Location Land use Soil loss Comments
(t/ha/yr)
Italy Wheat 5.614 Average of 7 years' plot data from central Italy. Source:
Maize 18.767 Zanchi, C. 1988. The cropping pattern and its role in determining
Pasture 2.224 erosion risk: experimental plot results from the Mugello valley
(central Italy). In: Sediment Budgets. M.P. Bordas and D.E. Walling
(eds.). IAHS Publication No. 174. Int. Assoc. Hydrol. Sci.,
Wallingford, UK.
Philippines Reforested 22-39.7 Sediment yield from nested catchments from 18.8 to

and 2041 km2in Luzon. Source: White, S. 1988. Sediment yield

agricultural and availability for two reservoir basins in central Luzon,
Philippines. In: Bordas and Walling (see above).
Morocco Arid, 25.0-59.0 Range calculated from sedimentation in three reservoirs

grazing having catchment areas from 107-780 km2. (Source:
Lahlou, A. 1988. The silting of Moroccan dams. In: Bordas and
Walling (see above).

Kenya Semi-arid 79.5 Average in 1986 for seven sub-basins within a total
grazing area Of 0.3 km2. Source: Sutherland, R.A. and Bryan, R.B.
1988. In: Bordas and Walling (see abovel.

Bolivia Andean 5.21-51.8 Four basins < 1000 km2 in headwaters area. Source:
arid, semi- Guyot, J.L. efa/. 1988. Exportation de mature en suspension des
arid Andes. In: Bordas and Walling (see above).
United Agriculture 1.9 (net) Fishpool Farm, UK, area, <1 kmz2. Source: Walling, D.E.

Kingdom and Quine, T.A. 1992. The use of caesium-137 measurements in
soil erosion surveys. In: Erosion and Sediment Transport
Monitoring Programmes in River Basins. J. Bogen, D.E. Walling
and T. Day (eds). IAHS Publication No. 210. Int. Assoc. Hydrol.
Sci., Wallingford, UK.

Lesotho Agriculture 7.8 (net) Field measurements near Ha Sofonio, Lesource. Source:

See above.

TABLE 9
Increases in sediment yield caused by land use change (Walling and Webb, 1983; Ostry, 1982)

Land use change

Increase in sediment

yield

Rajasthan, India Overgrazing X 4-18
Utah, USA Overgrazing of rangeland x 10-100
Oklahoma, USA Overgrazing and cultivation x 50-100

Cultivation x 5-32
Texas, USA Forest clearance and cultivation x 340
N. California, USA Conversion of steep forest to grassland x 5-25
Mississippi, USA Forest clearance and cultivation x 10-100
S, Brazil Forest clearance and cultivation X 4500
Westland, N. Zealand Clearfelling X 8
Oregon, USA Clearfelling forest x 39
Ontario, Canada Conversion to agriculture X 14
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3. There Bawide \variety of deterministic and stochastic models tret atterpt to sinulate
tre ghysics of tre erosion process. The data requirerats far calibration and varrficatiaon
acetraely . While suchmocels may have cartainadventages, esecially ntemns
of tte lked of ctaill nwhich ae can siullate altaratne farm pacties, tee ae
ggerdlly usurteble far deelqping cntries due 1 teir data requireratts ad te
deenatian tret management judoements far fam-level dscisias can allinost alvays ke
made on tte kesis of more gaeralizad cata corbined with eqoerience ad common
SHEE.

Sediment yield

Sediment yield, LaLally eqoressad as taTes per it area of tre besin per year, stte anount
of sediment measured at some oint ntte kesindividd by trebesinarea. ltalvays less tten
tre oA ercsion due 1o ssdimeant storage duning tragaort, and s highly varicblle because of
measurement difficity, te tamporal \arhility of hydrolagical processes, ad dages n
lard management practicss i tte besin fran ae year O e red.

The values of Teblle 8 darastrate ot anlly ttrewide rage ohalues ndifflaetdinatic
ad tgogrghic sittetios, lut also tre prablem of intaretarg ssdiment data because of
et and tire sakes. As noted dowe, tre Sedimant Delinvery Ratio subsumes awide rage
of storae prooessss tet qeerate at tre fidd, slbesin and besin sakes. Sediment yield
\alues are also highly \aricble ntare, with sraller besirs sgject 1o grester \arshility then
lager besirs. Goseguently, published valles far sediment yield (AeAr) must ke intarpretsd
with grest caution. The Halindata nTablle 8 are tre anlly pllot data and woulld gpear much
sller iFthey were besad on sadinent messurements taken & tte abtesin sale. The
megnrtuce of dhange nssdimant yield arisirg fran dranges nagniadktural lad use sshonn
nTeble 9.

Estimates of sedimant yaeld have inportant economic aosegenass. Inmany develagping
antries tre databese with which o estarate resenoir lile s \very Iinited. Aoocording 1
White (1988) exaples of prediciad ssdinent yield n Asia tad o be between two ad
sxden tines loner thenactLal measured raies, with tte consequence ttetactal resenvoir lile
sty readbod. This salso aprablen nrorthem Africa (Lahlou, pars. com.). Partdly
s arisss from tte use of urelible predicion tedmiges and the use of Sort-tem chla
which waally fal 1o acoount far aoesiaal lut savere episaces of ercsian (e.g- major stom
eats), ad fran ineesd lad pressure aftar aostructaian of tte resenair. Wirte rgorts
tret tte Magat Dam Fhilippires) was arstructad on tre kesis of a plamed sediment yaeld
of 20 teAr when, n ity tre yieldwas shown o be 38 tha/r — aittarg tre wseful lile
of tte resenvoir n Hif! In te Repblic of South Almia, off—site damage  (resenoir
siinentation, vater treatnant, etc.) due o sl ercsion wes estinated in 1989 o o US$
37.6 millicmarally (Braure ad Looser, 199). Because agricuture isBamgjor antributor
1 sedinent yield it sessatial tret retacel agnaiitual agenizatias acoount far diFsite
asis.

Scale problems

In dll agoects of nontoring, nocelling, or predicaian of nonHoInt source menegement, tre
Sake fador sBpoorly uterstoad by many pectitioas. The sake fadtor ot anly partanrs
1 tre ast of cllectirg data far mocel aliyation, but it s alo vid o te dility ©
edrgolate wseful management prraiples et willl gply ©© lagr aes. As an eanle,
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TABLE 10
Influence of spatial scale on basin assessment (Ongley, 1987)

(A) SMALL AREAS (few hectare to several km2).

« Detailed measurement of one land use or land management practice is possible.

< Data collected at catchment mouths do not necessarily represent target land use because of the influence
of single phenomenon (such as gullies) or random events (specific action of one farmer, for example).

< Sediment data are more closely related to erosion at this scale than at larger scales.
< Expensive due to the number of monitoring sites necessary.

<« Difficult to relate sediment and quality data to downstream receiving waters due to rapid information
dilution (increasing noise) in downstream direction.

« The physics of catchment behaviour can be modelled in deterministic form.

< This scale is effective for site-specific management interventions but is too small for interventions
involving general questions of land use.

« Data reveal synoptic scale effects (i.e. can resolve short-term scale effects within small areas).
(B) MEDIUM AREAS (tens to several hundreds km2.

« Capable of representing combinations of similar land uses and/or physical information.

« Is a scale for which land use policies pertaining to diffuse sources can be effective and for which
effectiveness can be assessed.

« Physico-chemical data do not relate directly to erosion or source but more to what is transported
(information loss problem).

< Not a useful scale for erosion process studies, but can be used to assess overall erosional contribution to
diffuse source chemistry.

<« This scale inhibits dominance of site data by a specific phenomenon (e.g. one gully); this scale
homogenizes phenomena so that their effects can be modelled by stochastic rather than deterministic
processes.

< Deterministic models have very large data requirements at this scale.

<« Is useful for determining impact of land and land-use practices on water quantity/quality, i.e. upstream
impact on downstream sites.

« Data reveal seasonally variable effects.
(C) LARGE AREAS (> several hundred km2).

< Too large to understand influence of land use or land management on downstream water quality, or role
of natural physiographic units (except for macro-phenomena).

= Provides regional estimates of sediment transport but not of erosion.

« Can estimate influence on downstream receiving water bodies for physical and chemical variables.
« Can be functionally linked to medium areas but not to small areas.

= Related to behaviour of trunk rivers.

= Spatial elements are best modelled by stochastic models (excluding hydrological modelling).

< Not a useful scale for evaluating management options nor for evaluating the aposteriori effectiveness of
management actions in upstream areas.

« Data reveal seasonally variable effects but may be substantially influenced by long-term lag phenomena.

dring te 19/0s kwas assumed by many nocellers who were engaged n e noHmoint
UG management programme of tte North Arerican Great Lakes, tet edrgolation of
ase-ffect relaticehis fran srall-area stuties o lage arts of the Great: Lakes esin
wes fesstdle. Itwas foud, honever, tretedirgolation becare quite uertain as besin aea
inoessd, far a ety of reesas.

The prabllen of edrgoolatian hes ot been definrtnely addressed N regarcs © leels of
utartainty. For exaple, althaugh ksknown tretantrol of sgricuitural ercsion Bessantial
omitigate rutrient (egscially prosdons)  Iess o reeeving vateraourses, ki suclear oer
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whatt distae phosphorus ruofffrom egnautture hes an immediate inpect. The guestian then
K5, does erosion anrol i far yostream aress have an inmediiaite berefit far a receving wateyr
tatmay Iehudreds of kilaretres donnstreanf? Altarratinely, one may adqot the positian
ttet over lager periacks of tine &y, soares of years) lare stoms willl esure tetmost of
tre eroded sedimet 5 N, tragorted through tre nver system ad, tterefare, ane can
assure a 171 relatiaehip betiween upstream sedimant prodlction and downstream sedimant
tragt. Resecarch by Meade ad Trinble (1974) ad otters shons tet over laer tie
periacs, ssdiment smobilized diffaetially alog tte var besin. Contenporary sedinert
ndbilizatian N tte middle reedes of piedot mas of te United States rqoresantd
sedimat et was eroded saveral decades earlier ut whiich hed been dgoosited duning
tragort o log-term storage as \elley flax dqrsits. Table 10 presats tte influae of
gt sake on besin assessat

The esstzal point B tet tire and Soece SEkes nust ke recogiizad when praganing
management plas far ercsion antral. While tre near—term physical erefits of ercsion
antrol are liely tohe =Htquiddy nreeemMirgvaters, ssdinent-associated cotaminaits tret
are stored In tte rivar besin may  take decades 1o firdlly be tragoorted aut of tre besin,
notwithstanding te resources 9ot on upstream exosian antrol.

Recommendations

These recamendations reflect two very diffaet salkessvhich, ntun, reflecttwo diffaat
tyesof imes. At tte srall sake are tte recommendations which gply actte farm led ad
which reflect actias o ke taen by te rdnmdal famer after aasidering tte econamic
asts of his altardines. At tre lage sake (e besin s2ke) are tiose 1I9ess tet ted ©
reflectpolicy and investrent nests of daies. Thiis inclucess 1sa.es such as determining tre ret
antributaan of egniautture o mar polluaan relane to other types of Polliuag sourass.

1. Internalizing costs

Although tre aonrol of ertsion & soure N rainH|d agriaditure B a mgjor fador n
Inproving dosnstream vater g.ality and associated eolagical inpects,  inplematation of
antrol measures willl onlly be suoeessful iftte famer can determine tret it is Inhis econanic
Niaest o udertake such nessures. Tharefore, the economic baefits such as nalnterance
of sal fatality, reduced energy consunption mminimum @l sitataos, ec., ke ©
econamic asts of exessive fatilia usage ad ks of pradlctavity by "ining” of sal
catal, must be deaxrly daostrated. This nplies tet agniattural agacies nust e a
holistac goproach 1o the econaniics of faming praccss.

2. Screening and estimating tools

There Ban urgat need o devel sinple ad rdast sareening modeldls far use ndeveloping
antries 1o determire tte polenaal for ercsion ad sall ks & sorce (held ledl). The
mocels nust atain tre dallity o game with agp and lad management altaraetives. Data
recuiramats nmust be relainely srall and essily agessible, require no realHtne calilraban,
and agpregate resulits on a ssesael or anal Esss. Furtter aalibrationof te USLE (ad s
cernatinves) ad SLEMSA mocels are encouraged. These models must e devellgoed from tre
pargectae of assistig n fam-leel deasias, ad ot fran tre pargeectve of furtter
eldoratian of te physics of ercsion ad sedinent tragaort
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At the large scale, screening methods are needed to develop policy options for erosion
control and land use practices at the basin scale. Soil loss models require adequate calibration
so that the errors inherent in large scale use, using satellite and large scale map information,
are known. Use of sediment loading data from river monitoring sites is an inadequate
alternative due to the large sediment losses that occur during sediment transport from field

to river.
3. Erosion control

There are no unique solutions to erosion control. Control measures depend very much on the
economic situation of the farmer, the degree of importance placed on sediment erosion by
environmental authorities, availability of capital, and the state of development of the country.
The following control measures are those classified and recommended by the US-EPA
(1993). These categories are used in many parts of the world, including developing countries.
These techniques also have beneficial effects for conservation of nitrogen and phosphorus in

the soil.

< Conservation cover Establish and maintain perennial vegetative cover
to protect soil and water resources on land
retired from agricultural production.

= Conservation cropping A sequence of crops designed to provide
adequate organic residue for maintenance of soil
tilth. This practice reduces erosion by increasing
organic matter. It may also disrupt disease,
insect and weed reproduction cycles thereby
reducing the need for pesticides. This may
include grasses and legumes planted in rotation.

< Conservation tillage Also known as reduced tillage, this is a planting
system that maintains at least 30% of the soil
surface covered by residue after planting.
Erosion is reduced by providing soil cover.
Runoff is reduced and infiltration into
groundwater is increased. No-till, common in
North America, isa conservation tillage practice.

- Contour farming Ploughing, planting, and other management
practices that are carried out along land
contours, thereby reducing erosion and runoff.

e Cover and green manure crop A crop of CIOSG-grOWing grasses, Iegumes, or
small grain grown primarily for seasonal
protection and soil improvement. Usually it is
grown for | year or less.

= Critical area planting Planting vegetation, such as trees, shrubs, vines,
grasses or legumes, on highly erodible or
eroding areas.
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- Crop residue use

- Delayed seedbed preparation
- Diversions

- Field borders and filter strips
- Grassed waterways

- Sediment basins

- Strip cropping

- Terracing
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Using plant residues to protect cultivated fields
during critical erosion periods.

Any cropping system in which all crop residue is
maintained on the soil surface until shortly before
the succeeding crop is planted. This reduces the
period that the soil is susceptible to erosion.

Channels constructed across the slope with a
supporting ridge on the lower side. By
controlling downslope runoff, erosion is reduced
and infiltration into the groundwater is enhanced.

Astrip ofperennial herbaceous vegetation along
the edge of fields. This slows runoff and traps
coarser sediment. This is not generally effective,
however, for fine sediment and associated
pollutants.

A natural or constructed channel that is
vegetated and is graded and shaped so as to
inhibit channel erosion. The vegetation will also
serve to trap sediment that is washed in from
adjacent fields.

Basins constructed to collect and store sediment
during runoff events. Also known as detention
ponds. Sediment is deposited from runoff during
impoundment in the sediment basin.

Growing crops in a systematic arrangement of
strips or bands across the general slope (not on
the contour) to reduce water erosion. Crops are
arranged to that a strip ofgrass or close-growing
crop is alternated with a clean-tilled crop or
fallow.

Terraces are constructed earthen embankments
that retard runoffand reduce erosion by breaking
the slope into numerous flat surfaces separated
by slopes that are protected with permanent
vegetation or which are constructed from stone,
etc. Terracing is carried out on very steep
slopes, and on long gentle slopes where terraces
are very broad.

Note however, that in tropical areas a number of these measures may produce situations that
enhance the breeding of disease vectors as a result ofponding of water or reducing of water

velocity in waterways.

UNIVERSITY OF NAIROBI T.TB*A*T

P. O Box 30197
NAITROBI



36 Pollution by sediments

Data from Chesapeake Bay (USA)  TABLE 11
istAlktios idicae te 'ﬁ)"ONirg Annualized cost estimates for selected erosion

rarkirg of asts of acsion atol management practices in the USA
meesures (Teble 10). Cost fedors ad Practice Rank

rariqrgsv\nll \ary gGIly, ama"y n Grassed filter strips 1 (least cost)
parts of te world where laor astS  cover crops

2
are ks and where the econamic lkaefit Strip-cropping 3
= = = Conservation tillage 4
5 fotoed o e rerklrg _SS'HTL Reforestation of crop and pasture land 5
For mle, m ﬁ“ﬂ’m may Diversions 6
have o economic baefit ad ae Permanent vegetation on critical areas 7
repleced with altarretine practices sudh Terraces 8
= I,ms over mixed with ﬁTjt Sediment ponds and structures 9 (most cost)

tes.

Brosion in trqoical aress hes a unigee setof prdblens. Marginal agriicuitural practacss
sucth as slash and bum on hichly eradiblle trgoical stiks ad tillae on step trpical skaes
leed ©© highly usteble sittatios which eroce quiddy during rairy ssesas. Simikardy,
ceforestation N trquical laos, artter far sgnautiure or for tnker, tats © leae a higly
adiible lad sufae. Inmany trgocal cauntries ercsin fran deforested aress Bhaving a
cbvestatiry influace on aestal zones Includig desstruction of aorall reefs faroffdore. Poor
lard management practicss such as oergrazing, egecially on hill lads, alveys kests ©©
srias ercsin problans which are difficidit or inpossible 1 remedy die 1o tte s&ke of
damage and ast of recostructarg hillsxes. Brosion antroll measures far sani-ard aress
are edasively desoribad by Hudson (FAO, 1987).

While recommendations to control these abuses are self-evident, the fundamental
causes lie often in national economic goals that are incompatible with environmental and
water quality objectives, and in social policies that do little to contain destructive
marginal agricultural practices.
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Chapter 3

Fertilizers as water pollutants

Eutrophication of surface waters

"Hoghicatai' B te ewvidment of sufae vaters with plant rumets. \\hile
autrghicataan ooours retually, it s nomally assooiated with anthvgpogenic sources of
nmets. The “trghic sats’ of des s tte atral aoogpt n lde mneganent. k
cesriles tre reflataaehip between rutriant StatLs of a lde and the growth of orgenic natter
nte He. Butrghicatian stte process of dange from one trghiic State toa higner trgdiic
Stee by the addrtion of et Agriaulture sa ngjor fador in eutrgchicataan of aurfece
vaters.

The most aoplete gldal study of eutrghicataion was the Orgenization far Economic
Cogperation and Development (OECD) Gogperative Programme on Bitrghication camed
ait nte 19/0s neighteen cantries (Vollevelder et al., 198)). The ssquence of trghic
sae, fran oligorghic (utrent poor) o hyertrgohiic (= hypereutrgohic rutmetndl]) B
showmn nTable 12

Although both niragen and phosdorus antriilute o eutrghicataan,  diessification of
trghic statis ieally fooses on tret rutrient which B limitirg.  In e mgjority of cases,
phosporus stte limitarg ruimet. Wnile tre effedts of eutrgchicataon such as algal bloans
are redily visible, tte process of eutrghicatian s corplex ad s measurement diffiialic
This BIot tre place far a mjor disassian on e sciae of autrgdhicataan, honever tte
fados oted nTable 13 rtice tre tyes of varidbles tret nust be taken o acoant

Because of tre compllex intaractian amongst tre many \aricbles tet play a part n
autrghhicataa, Janus and \olllenneider (1981) conclucked tret ks inpossible todevelgp srct
boundaries between trghic desses. They clailatad, fareamle, te prdxaillity (@& %) of
dessifyirga lde with told phogdhorus ad dhlogdyll-a cocentrataas of 10and 2.5mg/m3
regectnely, &

PoDhoruis ChlordDhwvil

Ultra-oligorghic 10% 6%
Oligotrghic 63% 49%
Mesotrgphic 26% 42%
Eutrgohic 1% 3%
Hypertrghic 0% 0%

The symptoms and inpects of eutrgdhicataan are:
Inoreese nproduction and biavess of pghytplarkton, attaded algee, and mecrgphytes.
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TABLE 12

Relationship between
1981)

Trophic status

Oligotrophic
i

Mesotrophic
4
Eutrophic
i

Hypertrophic

Fertilizers as water pollutants

trophic levels and lake characteristics (Adapted from Janus and Vollenweider,

Organic matter Mean total
mg/m3 phosphorusl1
mg/m3
low 8.0
medium 26.7
high 84.4
very high 750-1200

Chlorophyli Secchi
maximum1 depthl
mg/m3 m

4.2 9.9
16.1 4.2
42.6 2.45

0.4-0.5

1Values are the preliminary OECD classification and are defined as the geometric mean. Secchi depth
is a measure of turbidity of the water column in a lake.

TABLE 13

Parameters for measuring and monitoring eutrophication (Source: Janus and Vollenweider, 1981)

Resultant variables

Short-term variability: high

Phytoplankton biomass
Major algal groups and dominant species

Chlorophyll-a & other phytopigments

Particulate organic carbon and N
Daily primary production rates

Secchi disc visibility

Short-term variability:
moderate-low

Zooplankton standing crop
Bottom fauna standing crop
Epilimnetic AP, AN, ASi (A is
difference between winter
and summer concentrations)

Hypolimnetic 0 2and A0 2

Annual primary production

Causal variables

Nutrient loadings
Total phosphorus
Ortho phosphates
Total nitrogen
Mineral nitrogen (NO3+ NHJ3
Kjeldahl nitrogen

Nutrient concentrations
Same as above
Reactive silica
Others (e.g. micro-elements)

Shift nhebrtat daradenistics die o dange nassarblage of agatic plats.
Replaoerrent of dssirdble fih (60 salnids Nvestem auntries) by kess dssirable

Soeckes.

Productaion of toars by certain alge.

Inoressing qeerating eqpenses of plolic water syplies, including teste and odour
prablens, egecially during periacs of algal bloors.

Deaxyoeration of water, egecially after allgese of algal bloars, waAlly realitirg n

=hklk

Inflllirg and clogging of imigation Garals wirth agatic weeds (Water hyecinth B a
prablem of intrad.ctaan, ot necessarilly of eurgdhicataan).-
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FIGURE 8

Algal bloom in a Canadian prairie lake dominated by agricultural runoff. The form on the shore is
algal biomass.

- Lossgfrecreaﬁonllfeoﬁ\amrdﬁtoslire,meed niestation, and noxious odour fram
cecaying aligee.

e Inpedimants t© rvigatdon dle o dase weed grovth.

e Economic ks de odae nfsh geaes, fih ik, ec.

Role of agriculture in eutrophication

Interr summary ofwater g.ality npects of fatillias, FAO/ECE (1910) arted tre follovirg
prablens:e

= Fatilzabo of surfae waters (eurghicato) resudts n, fareamle, eplosive grovth
of algee which causes digypiine dages 1o tre biolagical equilibriun [includirg fish
killg]. This stre oth for inlad vaters (ditdes, nvar, ldes) ad aestal vaters.
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e Groundhater i being polluted mainly by nitrates. In dll countries groundhater B an
inportant source of drrking vater. In saveral aress tre groundhater spolluted toan
edat tet tisno loger fittobe usad as drirking water acoording o presat starthros.

While trexe prablens were prnarily attrited ©© mireral fatalias by FAO/ECE
(199), nsore aress tte problen B EErtalaly sssociated with edasive ad NiEsle
gylicatao of orgenic fatilas (raure).

The precise role of agriauiture neutrghicatian of surface water and contaminataan of
groudhater sdifficittogqentafy. Where EBvarranted, tre e of eviromatal Isotges
canaid ntre diagosis of pollutent pathnays toand within groundietter (1AEA, pars. conm.
195). RIVM (), atig Iseman (190), cladatsd tet Eurgoean agnialture B
resposible far 60% of tre ol rvarire fiux of nitrag o tte North S, ad 25% of tte
A pogdorus leedirg. Agrniauhture also makes a sistantsal antribuaan ©© te oA
atnospheric nitrogen lceding o tte North and the Baltac Sess. Thils amounts 1065% and 55%
regecinely. Czedoslovakia rgorted tet agriauiture antributes 48%  of the polluaan of
aufare vater; Norway and Ainlad rgorted laally sigifiat eutrghicatian of surfae
vaters ansirg from agriiaditure; high leeks of usage of N ad P are aosidered O e
resposible farproliferation of algee ntte Adniatac; similar dsenatias are made nDenish
aestal vaters; sbstential aontamination of groundietter by nitrate n tre Netrerlands wes
alo rgorted (FAO/ZECE, 1991). Appelgren (FAO, 199%) rgoorted trek 50% of dallov
groudhater vells traet syply more trenore million rual resicants nLithieniaare unfrtfar
human consumption because of a wide rae of pllutants which incluce pestaicicss ad
nitrog geEcies. In tre 1990s Lake Brie (@e of tte North Arerican Great Lakes) wes
declarad "oeed” by the press due 1o tte high ledls of nutrients acoampanied by exessive
growth of algee, fish killks, and arearchic bottom sdiments.

Although tte ECE (192) regardad Inestok vestes as a point source and ecludd it
from clailatios of tte antribution of agricaulture o eutrghiication NEurgee, trelr Satstics
indicated tret Inestock vestes aooounted “'on aerage’” Tar 30% of tre o phosphorus leed
o Eurgpean inlad vaters, with tre rest of agriculture acoountaing far a furtter 17%. The
sittaton far niragm, as farpghosdorus, was auite \verieble from contry tocountry.  Denish
Jattics irticatasd tatmanure antributes at kst 50% of tte leechig of imorgenic N (ol
1938). Nrtrogen fram agrcuitural noHoint sources ntre Netherlands amounted ©71% of
tre ol N loed gerevated fram within tre Netherlads (ECE, 1999).

A study by Ryding (1985) mSheden denorstrated how lakes which were uneffected by
sl or mnicipal point saurcss, udervent log-tem dange N rutnet dalis as a
resdtofsagniattural ssviies nttevatersed. Over tre periad 1973-1981 tte rutrent et s
of Lake Oren inoreesd fram 780 10 1000 mg/m3 far Total-N, and from 10 ©©45 mg/m3far
Toal-P. Lake tragoaracy declind fram 6.2 1©2.6 m ad suffered periadic (reawy) aldl
bloors.

As roted in Chepter 1, tte US-EPA repards agriaditure as tte leeding source of
inpairmant of tet netians mas ad ldes with rutriets raking second anlly o siliatan
as tre pollutant most affectag mMas ad Hes.

The values ated nTebles 14 ad 15 rdicaie tte wide rage of nutmiat lossss tetare

measured at tre plot, field and sUb-esin sakes. Heavilly fartiliad agos such as naize tad
O hae lae ks dane © mHnEsne s audh as pestue. Agniahiual s
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TABLE 14
Selected values for nutrient losses

Location Land use Phosphorus ~ Nitrogen Comment (source)
(kg/hasyr) (kg/ha/yr)

Southern Cropland 0.415 Sediment-associated P, mean of 14
Ontario Unimproved 0.08 catchments (Spires and Miller, 19781

Maize, potatoes 26.0 From 11 catchments in S. Ontario (Nielsen

Cereals, beans. era/. 1978)

veg. & tobacco 3.6 As above

Hay, unimproved

pasture 0.1 As above

Unimproved 0.0 As above
Great Lakes Cropland 0.2-37.1 Range reported for total N for 15 studies of
Basin (N. stream-discharged N (not tile drains) Nielsen
America) etal. 1978)
Hungary Cropland 1.142 1984 results for 73 km2 watershed

tributary in Lake Balaton (Jolankai, 1986)
Denmark & Livestock/crop 316 Where 680 kg/N/ha are added (Joly, 1993)
Netherlands systems
USA Cropland 64 Where livestock is not intense (Joly, 1993)
Cflte d'lvoire Agriculture 29.0 98 Lower Cdte d'lvoire (FAO, 1994a)
TABLE 15

Relative leaching losses of nitrogen and phosphorus (% change between no fertilizer and with fertilizer)
(Source: Bolton et at., 1970 as reported in Bangay, 1976)

Management Crop Percent change
P N
Rotation Maize +10 + 65
Oats, alfalfa - 05 + 33
Alfalfa 1st year + 17 - 08
Alfalfa 2nd yr + 59 +09
Continuous Maize +12 + 102
Bluegrass sod + 12 - 69
Average + 17 + 27

Note: Values of +/- 15% are likely within detection limits of the methods used.

associated with poor land management practices that lead to erosion also produce significant
nutrient losses. Wastes, manures and sludges, through biological concentration processes, can
supply soils with 100 times more hazardous products than fertilizers for the equivalent plant
nutrient content (Joly, 1993). This is considered a major environmental (and water quality)
problem in periurban areas of many developing countries. Numerous authors report that a
high degree of variability at individual sites is expected as a consequence of changes in
hydrological regime from year to year. The implication is that estimation techniques using
“typical” values of nutrient yield can expect to have a high degree of uncertainty and could

be very much in error if estimated from data collected over a single year.

The huge increases in fertilizer use worldwide over the past several decades are well

documented. Figure 9 illustrates the historical trends and predicted future needs of fertilizer
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use. However, fertilizer use (either mineral or organic) is not, of itself, the primary factor

in downstream water quality. More important are the land management practices that are used

in crop production.

There is a danger, however, in assuming that all waters have natural levels that are low

in nutrients. In some areas, such as lakes located in areas of rich agricultural soils, waters

have historically been highly enriched by nutrients associated with natural erosion of fertile

soils. In the prairie lakes of Canada, for example, early settlers reported that the lakes were

green with algae. In other parts of the world, as in Asia, ancient civilizations so profoundly

impacted water quality that there are no longer "natural” levels of nutrients. In such situations

the existence of eutrophication, while undeniable, must be measured against arbitrary

standards that reflect water quality criteria established on the basis of societal needs for

beneficial use of the water.
Organic fertilizers

The importance and, in some cases, the major problems associated with organic fertilizers,

deserve special mention. Manure produced by cattle, pigs and poultry are used as organic

fertilizer the world over. To this is added human excreta, especially in some Asian countries
where animal and human excreta are traditionally used in fish culture as well as on soils.

However, intensive livestock production has produced major problems of environmental

degradation, a phenomenon which has been the subject of European and North American

legislation and control. The problem is particularly acute in areas of intensive livestock

production, such as in the Eastern and Southern parts of the Netherlands where the

production of manure greatly exceeds the capacity of the land to assimilate these wastes.

In addition to problems associated with excessive application of manure on the land, is
the problem of direct runoff from intensive cattle, pig and poultry farms. Although this is
controlled in many western countries, it constitutes a serious problem for water quality in
much of the rest of the world. For example, Appelgren (FAO, 1994b) reports that discharge
of pig wastes from intensive pig raising in Lithuania is a major source of surface water
pollution in that country. The FAO/ECE reports similar problems in the Po River of Italy.

The Canadian Department of Agriculture calculated in 1978, on ? basis of detailed study
of several feedlot operations, that cattle feedlots and manure storage facilities contributed 0.5-
13% of the total loading of total phosphorus at that time to the Canadian portion of the Lower

(agricultural portion) Great Lakes (Coote and Hore, 1978).

To the typical pathways of degradation, that of surface runoff and infiltration into the
groundwater, is added the volatilization of ammonia which adds to acidification of land and
water. In a review of environmental impacts caused by animal husbandry in Europe, the
FAO/ECE (1991) reported the following major categories of impacts:e

. Fertilization of surface waters, both as a result of direct discharges of manure and as a

consequence of nitrate, phosphate and potassium being leached from the soil.

. Contamination of the groundwater as a result of leaching, especially by nitrate.

Phosphates are less readily leached out, but in areas where the soil is saturated with

phosphate this substance is found in the groundwater more and more often.

. Surface waters and the groundwater are being contaminated by heavy metals. High

concentrations of these substances pose a threat to the health of man and animals. To a
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FIGURE 10
The N cycle in soil (from Stevenson, 1965)

FIGURE 11
Schematic diagram of nitrogen and phosphorus losses. Arrows are proportional to loss

NITROGEN FERTILIZERS PHOSPHORUS FERTILIZERS
11 I
aDDlied to land surface _* Surface Runoff « applied to land surface
leaching «= «- leaching

=+« Interflow / tile drains
11 A

loss to groundwater loss to groundwater

certain extent these heavy metals accumulate in the soil, from which they are taken up

by crops. For example, pig manure contains significant quantities of copper.-

Acidification as a result of ammonia emission (volatilization) from livestock
accommodation, manure storage facilities, and manure being spread on the land.
Ammonia constitutes a major contribution to the acidification of the environment,

especially in areas with considerable intensive livestock farming.
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Environmental chemistry

The key hydrological processes that link rainfall, runoff and leaching, and which give rise
to erosion and transport of chemically enriched soil particles, are important components of
the environmental chemistry, transport and fate of fertilizer products. These hydrological

processes are described in Chapter 2 and are not repeated here.

The environmental dynamics of nitrogen and phosphorus are well known although the
detailed transformations of nitrogen that occur in soil and water are difficult to study and

document. The nitrogen cycle is depicted in Figure 10.

Nitrogen is comprised of the forms: soluble organic N, NH 4-N (ammonium), N 0 3-N
(nitrate), N 0 2-N (nitrite), and N associated with sediment as exchangeable NH 4-N or organic-
N. Nitrogen cycling is extremely dynamic and complex, especially the microbiological
processes responsible for mineralization, fixation and denitrification of soil nitrogen.
Generally, in soils that are not waterlogged, soil N (held as protein in plant matter) and
fertilizer- N are microbiologically transformed to NH4 (ammonium) through the process of
ammonification. The ammonium ion is oxidized by two groups of bacteria (Nitrosomonas and
Nitrobacter) to N 03 with an unstable intermediate N 02 product in a process called
nitrification. Urea is readily hydrolysed to ammonium. Denitrification occurs under anoxic
conditions such as wetlands where N 03 is reduced to various gaseous forms. The N cycle is
largely controlled by bacteria, hence the rate of N cycling is dependent upon factors such as

soil moisture, temperature, pH, etc. N 0 3is the end-product of aerobic N decomposition and
is always dissolved and mobile.

From a water quality perspective, the ammonium ion (NH4) can be adsorbed to clay
particles and moved with soil during erosion. More importantly, however, NH 4 and N O 3 are
soluble and are mobilized through the soil profile to groundwater during periods of rain by
the process of leaching. N 03 is also observed in surface runoff during rainfall events.
Prevention of nitrogen pollution of surface and groundwater depends very much on the ability
to maintain N 0 3 in soil only up to the level that can be taken up by the crop, and to reduce

the amount of N 03 held in the soil after harvesting. The processes described above are
depicted in Figure 11.

In contrast, the behaviour of phosphorus is quite simple. Phosphorus can exist in a
variety of forms: as mineral (generally apatite) phosphorus (AP); non-apatite inorganic-P
(NAIP); organic-P (OP - bound up with carbon and oxygen in plant matter); and as dissolved
soluble reactive ortho-P (SRP). The phosphorus species AP, NAIP and OP are associated
with the particulate phase. In studies of phosphorus movement from agricultural lands the
largest amount is sorbed onto clay materials and transported as erosion products. SRP is
readily available to aquatic plants to the point where measured SRP in surface water may

only represent a residual amount after most of the SRP has been taken up by plant life.

Consequently, in aquatic studies, the focus is often on the sediment-associated forms of P as

these tend to dominate total phosphorus flux. The N AIP fraction is considered to be available
to plant roots and is rapidly solubilized under conditions of anoxia in the bottom of lakes and
reservoirs. It is for this reason that lake sediments can represent a very large internal
(autotrophic) load of phosphorus which is recycled into the water column during periods of
bottom anoxia. This load can be so large that, without attention to lake sediment remediation,

phosphorus management programmes in tributaries can be quite meaningless.
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The relative losses of N and P to groundwater are illustrated in Table 15 where it is seen
that P losses are generally smaller relative to the much more soluble N. Indeed, insofar as

maize is the most heavily fertilized crop, the leaching of nitrogen is especially noticeable.

The point versus non-point source dilemma

The dilemma in many countries is to ascertain the role of agriculture relative to the impacts
of (often untreated) municipal sewage. In a large number of countries the database required
to make this distinction is lacking and frustrates the development of a rational pollution
abatement programme and inhibits cost-effective investment in control measures. In
developing countries it makes sense that the focus should initially be on point source control;
however, it has been the experience in the developed countries that point source control for
nutrients has not had the desired level of environmental benefit until agricultural control
measures were seriously addressed. It is significant that the trend of fertilizer usage
worldwide has been one of huge increases in the past 40 years suggesting that, in the absence
of major changes in land use to control fertilizer runoff in large parts of the world, one may

expect that agriculture w ill be responsible for an ever-increasing contribution to surface water

pollution.

The observations reported by Quiros (see Box 5) for the La Plata basin are indicative
of the difficulty in segregating the effects of agriculture from other sources. In the Great
Lakes of North America some $10 million dollars were spent between 1970 and 1980 to
quantify the relative impacts of point versus non-point sources. That exercise proved
enormously successful and specific policies were adopted for nutrient control in each lake

basin that reflected the relative contributions from each type of source.

M anagement of water quality impacts from fertilizers

The investigation of eutrophication of surface water by agriculture must adopt a pragm atic
management perspective. O f value to agriculture is the perspective adopted by the OECD

study of eutrophication. That study focused on the following aspects:

. The qualitative assessment of the trophic state of bodies of water in terms of a few

easily measured parameters.
. The dependence of this State on nutritional conditions and nutrient load.

. Translation of these results to the needs of eutrophication control for management.

The progression of these aspects is interesting in that the focus is on easily measurable
state of the water body, followed by a determination of the extent to which the state is a

product of nutrient loads, then the degree to which loads may be manipulated to achieve a

desired trophic state that is determined noy water use.

Prediction of water quality impacts of fertilizers and related land management practices
is an essential element of site-specific control options and for the development of generic
approaches for fertilizer control. Prediction tools are essentially in the form of models, many

of which are contained in Table 7.
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BOX 5: SEGREGATING AGRICULTURAL FROM INDUSTRIAL IMPACTS
ON WATER QUALITY OF THE LA PLATA BASIN, SOUTH AMERICA

In his report on impacts on the fishery in the la Plata river system, Quirds (1993) provided a
comprehensive summary of observed symptoms. He admitted to the difficulty in providing evidence
for cause and effect in this large river system. Nevertheless, he concluded that the evidence was

consistent with that of a regulated river-floodplain system impacted from toxic substances used
in agriculture and industry.

Observed Symptoms

Fruit and seed eater species of the genera Colossoma and Brycon and the big catfish Paulicea
iutkenii have practically disappeared from the commercial catch in the lower Parang river, and also
from the catches in the La Plata and Uruguay rivers.

Fish species of marine lineage of the genera Basilichthys and Lycengraulis, usually moving

upstream from the estuary in winter, have practically disappeared from the commercial catches
in the middle Parana.

The commercial catches of the pelagic top predator Salminus maxillosus have been decreasing
since the late 1940s in all the lower basin, though its commercial catch has been highly restricted.

Populations of most of the migratory fish species are severely diminished in the middle and upper
Uruguay river.

Relatively high levels of agricultural pesticides and heavy metals were detected in fish tissues.
Periodic massive fish mortalities were reported in the lower Parana delta and the La Plata river.
Low water oxygen levels and massive fish mortalities were detected in the lower Paraguay river,

and discharges of high organic matter content effluents from the agricultural industry have
increased in the upper basin.

The exotic Cyprinus carpio was the most important species in biomass in the experimental catches
in the La Plata river, and its catch has been increasing in the middle Parang.

Maximum size of catch of the big catfish of the genera Pseudoplatystoma has been decreasing for
the last three decades in the lower middle Parana.

The conflicting situations between recreational and commercial fishermen have been increasing,
and the trophy size of Salminus has been decreasing at the confluence of the Parana and Paraguay
rivers, though total fishing effort seems not to have increased.

Source: Quirds (1993).

Mineral fertilizers

The response to the need to control leaching and runoff of nutrients and contamination of
soils and water by heavy metals has been variable in Europe. Control measures are part of
the larger issue of mineral and organic fertilizer usage. FAO/ECE (1991) summarized the

types of voluntary and mandated controls in Europe that apply to mineral fertilizers as:

. Taxes on fertilizer.

. Requirement for fertilizer plans.
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. Preventing the leaching of nutrients after the growing season by increasing the area

under autumn/winter green cover, and by sowing crops with elevated nitrogen

. Promoting and subsidizing better application methods, developing new, environmentally

sound fertilizers, and promoting soil testing.

. Severely Ilimiting the use of fertilizers in e.g. water extraction areas and nature

protection areas.

In any location where intensive agriculture and/or livestock farming produces serious
risks of nitrogen pollution, Ignazi (1993) recommended the following essential steps that are

taken at the farm level:

1. Rational nitrogen application: To avoid over-fertilization, the rate of nitrogen fertilizer
to be applied needs to be calculated on the basis of the “crop nitrogen balance”. This

takes into account plant needs and amount of N in the soil.

2. Vegetation COVer: As far as possible, keep the soil covered with vegetation. This
inhibits build-up of soluble nitrogen by absorbing mineralized nitrogen and preventing

leaching during periods of rain.

3. Manage the period between crops: organic debris produced by harvesting is easily
mineralized into leachable N. Steps to reduce leachable N includes planting of “green

manure” crops, and delaying ploughing of straw, roots and leaves into the soil.

4, Rational irrigation: Poor irrigation has one of the worst impacts on water quality,
whereas precision irrigation is one of the least polluting practices as well as reducing net

cost of supplied water.

5. Optimize other cultivation techniques: Highest yields with minimum water quality
impacts require optimization of practices such as weed, pest and disease control, liming,

balanced mineral fertilizers including trace elements, etc.

6. Agricultural Planning: Implement erosion control techniques (see Chapter 2) that

complement topographic and soil conditions.
Organic fertilizers

Voluntary and legislated control measures in Europe are intended to have the following

benefits:

* Reduce the leaching of nutrients
e Reducing emissions of ammonia
e Reducing contamination by heavy metals

The nature of these measures varies by country; however FAO/ECE (1991) have

summarized the types of voluntary and mandated control as:e

. Maximum numbers of animals per hectare based on amount of manure that can be safely

applied per hectare of land.
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e Maximum gentities of manure ttaet can be gplied on tte lad sfoad, besed on tteN
ad P aotatt of tre marure.

= Holdings wishing o kegp more then a given nurber of animals nust dotain a licase.

e The periasks during which tsalload to gply manure 1o tre lad have been Timited,
ad sdliggtory towork o tre groud immediiately aftervards.

= Establidnatt of regulatias on minimum ety far manure storage faalites.

- Establish fatlia plas.

e levies (aes) on suplus marure.

e Aress uder autum/vinter green cover were extarded, and green fallovig s leirg
pramoted.

e Maximum amounts esteblised far soreeding of sewege slude on lard besed on heawy
metal antent.

= Change mnaoposition of fed 1o reduce anount of rutriaets and heavy netals.
e  Research and inplementation of means of redlcing ammonia kes.

Sludge management

Slue smentioned here anly Insofar as tre goreeding of slude fran nunicipal westenater
treatnat faalies on sgniaiitural lard sore method used 1o get rid of municipal slude n
away tet B parceivad ke eehaal. The altaraines are cireration ad lad Al
FAO/ECE (19091) irciuce siuche within tte category of argenic fartilliashut rote tetshue
often atairs unecogptzble leels of heawy metals. Follubian of weter by shude ruoff B
othermise tte sare as far manure noted aove.

Economics of control of fertilizer runoff

Nutrient loss is closely associated with rainfall-runoff events. For phosphorus, which tends
to be associated with the solid phase (sediment), runoff losses are directly linked to erosion.
Therefore the economics of nutrient control tend to be closely tied to the costs of controlling
runoff and erosion. Therefore, this will be treated briefly here. In particular, it is useful to
examine the economic cost of nutrient runoff which must be replaced by fertilizers if the land

is to remain productive.

The link between erosion, increasing fertilizer application, and loss of soil productivity
is very direct in many countries. In the Brazilian state of Parang where agriculture is the base
of the state economy, Parana produces 22% of the national grain production on only 2.4%
of the Brazilian territory. Agricultural expansion in Parana occurred mainly in the period
1950-1970 and was “characterized by short-term agricultural systems leading to continuous
and progressive environmental degradation as a result of economic policies and a totally
inappropriate land parcelling and marketing system...” (Andreoli, 1993). Erosion has led to
extensive loss of top soil, large-scale gullying (Figure 4), and silting of ditches and rivers.
The use of fertilizers has risen as a consequence, up 575% over the period 1970-1986 and
without any gain in crop yields. Loss of N-P-K from an average erosion of 20 t/ha/yr

represents an annual economic loss of US$242. million in nutrients.
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FIGURE 12
Water-based aquaculture in the Lakes Region of southern Chile

Analysis by Elwell and Stocking (1982) of nutrient loss arising from erosion in
Zimbabwe shows similar significant economic losses in African situations. Stocking (FAO,
1986), applying data collected in the 1960s by Hudson to the soil use map of Zimbabwe,
calculated an annual loss of 10 million tonnes of nitrogen and 5 million tonnes of phosphorus
annually as a consequence of erosion (cited by Roose in FAO, 1994a). Roose (FAO, 1994a)
also cites losses of 98 kg/ha/yr of nitrogen, 29 kg/ha/yr of phosphorus, 39 kg/ha/yr of lime
and 39 kg/ha/yr of magnesium from soils of lower Cote d’lvoire as a result of erosion. This
loss is so severe that compensation requires 7 tonnes of fresh manure annually, plus 470 kg
of ammonium sulphate, 160 kg of superphosphate, 200 kg dolomite and 60 kg of potassium
chloride per hectare per year. Roose notes that it is not surprising that the soil is exhausted
after only two years of traditional agriculture. Furthermore, these losses do not take into
account additional losses due to harvesting and runoff. Roose summarizes by stating that
action against soil erosion is essential in order to manage what he describes as a “terrible”
chemical imbalance in soils caused by soil erosion. Estimates of phosphorus loss by erosion

in the Republic of South Africa (Du Plessis, 1985) are R26.4 M/yr (US$ 10.5 million).

Economic losses tend to be higher in tropical countries where soils, rainfall and
agricultural practices are more conducive to erosion, and reported rates of erosion are much
above average. The World Bank (1992) reported that extrapolation from test-plots of impacts
of soil loss on agricultural productivity, indicates some 0.5-1.5% loss of GDP annually for
countries such as Costa Rica, Malawi, Mali and Mexico. These losses do not include offsite

costs such as reservoir infilling, river sedimentation, damage to irrigation systems, etc.
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Soil fertility is a complex issue and nutrient loss is not necessarily nor always a
consequence of erosion. Erosion and soil loss is the end member of a variety of physical,
vegetative and nutrient factors that lead to soil degradation. Global patterns of fertilizer
application, as reported by Joly (1993), indicate however thatrapidly rising levels of fertilizer
utilization are required merely to maintain soil productivity from a variety of types of loss,

including losses due to erosion and, more generally, to soil degradation.

In a study of 17 agricultural sub-watersheds in the Lake Balaton district of Hungary,
Jolankai (1986) measured and modelled N and P runoff from a variety of agricultural land
uses. He calculated that a selection of control measures (mainly erosion control) would reduce

phosphorus loss by 52.8% at a cost of US$ 2500 per ha in remediation measures (in 1986).

Aquaculture

Aquaculture is a special case of agricultural pollution. There are two main forms: land-based
and water-based systems (Figure 12). Effluent controls are possible on land-based systems,
however water-based systems present particular problems. Aquaculture is rapidly expanding
in most parts of the developed and developing world, both in freshwater and marine

environments. In contrast, coastal fisheries in most countries are declining.

The environmental impact is primarily a function of feed composition and feed
conversion (faecal wastes), plus assorted chemicals used as biocides, disinfectants, medicines,
etc. Wastage of feed (feed not taken up by the fish) is estimated to be 20% (Ackefors and
Enell, 1992) in European aquaculture. Waste feed and faecal production both add substantial

nutrient loadings to aquatic systems.

Additional environmental problems ir lude risk of disease and disease transfer to wild
fish, introduction of exotic species, impacts on benthic communities and on the eutrophication
of water, interbreeding of escaped cultured fish with wild fish with consequent genetic change

in the wild population.

Traditional integrated aquaculture systems, as in China, where sewage-fish culture is
practised, can be a stabilizing influence in the entire ecosystem (Rosenthal, 1992). This is
recommended, especially in developing countries where water and resources are scarce or

expensive.

Problems of restoration of eutrophic lakes

Eutrophic and hypertrophic lakes tend to be shallow and suffer from high rates of nutrient
loadings from point and non-point sources. In areas of rich soils such as the Canadian
prairies, lake bottom sediments are comprised of nutrient-enriched soil particles eroded from
surrounding soils. The association of phosphorus with sediment is a serious problem in the
-estoration of shallow, enriched lakes. P-enriched particles settle to the bottom of the lake
and form a large pool of nutrient in the bottom sediments that is readily available to rooted
plants and which is released from bottom sediments under conditions of anoxia into the
overlying water column and which is quickly utilized by algae. This phosphorus pool, known
as the “internal load” of phosphorus, can greatly offset any measures taken by river basin

managers to control lake eutrophication by control of external phosphorus sources from
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agriculture and from ©point sources. Historically, dredging of bottom sediments was
considered the only means of remediating nutrient-rich lake sediments, however, modem
technology now provides alternative and more cost-effective methods of controlling internal
loads of phosphorus by oxygenation and by chemically treating sediments in Situ to
immobilize the phosphorus. Nevertheless, lake restoration is expensive and must be part of

a comprehensive river basin management programme.
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Chapter 4

Pesticides as water pollutants

The term “pesticide” is a composite term that includes all chemicals that are used to kill or
control pests. In agriculture, this includes herbicides (weeds), insecticides (insects), fungicides

(fungi), nematocides (nematodes), and rodenticides (vertebrate poisons).

A fundamental contributor to the Green Revolution has been the development and
application of pesticides for the control of a wide variety of insectivorous and herbaceous
pests that would otherwise diminish the quantity and quality of food produce. The use of
pesticides coincides with the “chemical age” which has transformed society since the 1950s.
In areas where intensive monoculture is practised, pesticides were used as a standard method
for pest control. Unfortunately, with the benefits of chemistry have also come disbenefits,
some so serious that they now threaten the long-term survival of major ecosystems by
disruption of predator-prey relationships and loss of biodiversity. Also, pesticides can have

significant human health consequences.

W hile agricultural use of chemicals is restricted to a limited number of compounds,
agriculture is one of the few activities where chemicals are intentionally released into the

environment because they kill things.

Agricultural use of pesticides is a subset of the larger spectrum of industrial chemicals
used in modern society. The American Chemical Society database indicates that there were
some 13 million chemicals identified in 1993 with some 500 000 new compounds being added
annually. In the Great Lakes of North America, for example, the International Joint
Commission has estimated that there are more than 200 chemicals of concern in water and
sediments of the Great Lakes ecosystem. Because the environmental burden of toxic
chemicals includes both agriculture and non-agricultural compounds, it is difficult to separate
the ecological and human health effects of pesticides from those of industrial compounds that
are intentionally or accidentally released into the environment. However, there s
overwhelming evidence that agricultural use of pesticides has a major impact on water quality

and leads to serious environmental consequences.

Although the number of pesticides in use (Annex 1) is very large, the largest usage tends
to be associated with a small number of pesticide products. In a recent survey in the
agricultural western provinces of Canada where some fifty pesticides are in common use,
95% of the total pesticide application is from nine separate herbicides (Birkholz, pers.
comm., 1995). Although pesticide use is low to nil in traditional and subsistence farming in
Africa and Asia, environmental, public health and water quality impacts of inappropriate and
excessive use of pesticides are widely documented. For example, Appelgren (FAO, 1994b)
reports for Lithuania that while pesticide pollution has diminished due to economic factors,

water pollution by pesticides is often caused by inadequate storage and distribution of
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TABLE 16

Chronology of pesticide development (Stephenson and Solomon, 1993)

Pesticides as water pollutants

Period Example Source Characteristics
1800-1920s Early organics, nitro-phenols, Organic chemistry, by- Often lack specificity and
chlorophenols, creosote, products of coal gas were toxic to user or non-
naphthalene, petroleum oils production, etc. target organisms
1945-1955 Chlorinated organics, DDT, Organic synthesis Persistent, good selectivity,
HCCH, chlorinated good agricultural properties,
cyclodienes good public health
performance, resistance,
harmful ecological effects
1945-1970 Cholinesterase inhibitors, Organic synthesis, good use Lower persistence, some
organophosphorus of structure-activity user toxicity, some
compounds, carbamates relationships environmental problems
1970-1985 Synthetic pyrethroids, Refinement of structure Some lack of selectivity,
avermectins, juvenile activity relationships, new resistance, costs and
hormone mimics, biological target systems variable persistence
pesticides
1985- Genetically engineered Transfer of genes for Possible problems with
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The impact on water quality by pesticides is associated with the following factors:

. Active ingredient in the pesticide formulation.

. Contaminants that exist as impurities in the active ingredient.

. Additives that are mixed with the active ingredient (wetting agents, diluents or solvents,
extenders, adhesives, buffers, preservatives and emulsifiers).

. Degradate that is formed during chemical, microbial or photochemical degradation of the

active ingredient.

In addition to use of pesticides in agriculture, silviculture also makes extensive use of

pesticides. In some countries, such as Canada, where one in tenjobs is in the forest industry,

control of forest pests, especially insects, is considered by the industry to be essential.

Insecticides are often sprayed by aircraft over very large areas.

Irrigated agriculture, especially in tropical and subtropical environments, usually requires

modification of the hydrological regime which, in turn, creates habitat that is conducive to

breeding of insects such as mosquitoes which are responsible for a variety of vector-borne
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diseases. In addition to pesticides used in the normal course of irrigated agriculture, control
of vector-borne diseases may require additional application of insecticides such as DD T which
have serious and widespread ecological consequences. In order to address this problem,
environmental management methods to control breeding of disease vectors are being

developed and tested in many irrigation projects (FAO, 1984).

Historical development of pesticides

The history of pesticide development and use is the key to understanding how and why
pesticides have been an environmental threat to aquatic systems, and why this threat is
diminishing in developed countries and remains a problem in many developing countries.

Stephenson and Solomon (1993) outlined the chronology presented in Table 16.

North-south dilemma over pesticide economics

As noted above, the general progression of pesticide development has moved from highly
toxic, persistent and bioaccumulating pesticides such as DDT, to pesticides that degrade
rapidly in the environment and are less toxic to non-target organisms. The developed
countries have banned many of the older pesticides due to potential toxic effects to man
and/or their impacts on ecosystems, in favour of more modern pesticide formulations. In the
developing countries, some of the older pesticides remain the cheapest to produce and, for
some purposes, remain highly effective as, for example, the use of DD T for malaria control.
Developing countries maintain that they cannot afford, for reasons of cost and/or efficacy,
to ban certain older pesticides. The dilemma of cost/efficacy versus ecological impacts,
including long range impacts via atmospheric transport, and access to modern pesticide

formulations at low cost remains a contentious global issue.

In addition to ecological impacts in countries of application, pesticides that have been
long banned in developed countries (such as DDT, toxaphene, etc.), are consistently found
in remote areas such as the high arctic. Chemicals that are applied in tropical and subtropical
countries are transported over long distances by global circulation. The global situation has
deteriorated to the point where many countries are calling for a global convention on “POPs”
(Persistent Organic Pollutants) which are mainly chlorinated compounds that exhibit high
levels of toxicity, are persistent, and bioaccumulate. The list is not yet fixed; however,
“candidate” substances include several pesticides that are used extensively in developing

countries.

Fate and effects of pesticides

Factors affecting pesticide toxicity in aquatic systems

The ecological impacts of pesticides in water are determined by the following criteria:

1 TOXiCity: Mammalian and non-mammalian toxicity usually expressed as LD 50

(“Lethal Dose”: concentration of the pesticide which will kill half the

test organisms over a specified test period). The lower the LD 50, the
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greater the toxicity; values of 0-10 are extremely toxic (OMAF,
1991).

Drinking water and food guidelines are determined using a risk-based
assessment. Generally, Risk = Exposure (amount and/or duration) x

Toxicity.

Toxic response (effect) can be ACULE (death) or chronic (an effect that
does not cause death over the test period but which causes observable
effects in the test organism such as cancers and tumours, reproductive

failure, growth inhibition, teratogenic effects, etc.).

1 Persistence: Measured as half-life (time required for the ambient concentration to
decrease by 50% ). Persistence is determined by biotic and abiotic
degradational processes. Biotic processes are biodegradation and
metabolism; abiotic processes are mainly hydrolysis, photolysis, and
oxidation (Calamari and Barg, 1993). Modern pesticides tend to have
short half lives that reflect the period over which the pest needs to be

controlled.

1 Degradates: The degradational process may lead to formation of “degradates”
which may have greater, equal or lesser toxicity than the parent

compound. As an example, DDT degrades to DDD and DDE.

1 Fate (Environmental): The environmental fate (behaviour) of a pesticide is affected by
the natural affinity of the chemical for one of four environmental
compartments (Calamari and Barg, 1993): solid matter (mineral
m atter and particulate organic carbon), liquid (solubility in surface
and soil water), gaseous form (volatilization), and biota. This
behaviour is often referred to as “partitioning” and involves,
respectively, the determination of: the soil sorption coefficient (K oc);
solubility; Henry’s Constant (H); and the n-octanol/water partition
coefficient (Kow). These parameters are well known for pesticides and

are used to predict the environmental fate of the pesticide.

An additional factor can be the presence of impurities in the pesticide formulation but
that are not part of the active ingredient. A recent example is the case of TFM , a lampricide
used in tributaries of the Great Lakes for many years for the control of the sea lamprey.
Although the environmental fate of TFM has been well known for many years, recent
research by Munkittrick et al. (1994) has found that TFM formulation includes one or more

highly potent im purities that impact on the hormonal system of fish and cause liver disease.
Human health effects of pesticides

Perhaps the largest regional example of pesticide contamination and human health is that of
the Aral Sea region (Box 2). UNEP (1993) linked the effects of pesticides to "the level of
oncological (cancer), pulmonary and haematological morbidity, as well as on inborn

deformities ... and immune system deficiencies".

Human health effects are caused by:
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* Skin contact: handling of pesticide products
* Inhalation: breathing of dust or spray
* Ingestion: pesticides consumed as a contaminant on/in food or in water.

Farm workers have special risks associated with inhalation and skin contact during
preparation and application of pesticides to crops. However, for the majority of the
population, a principal vector is through ingestion of food that is contaminated by pesticides.
Degradation of water quality by pesticide runoff has two principal human health impacts. The
first is the consumption of fish and shellfish that are contaminated by pesticides; this can be
a particular problem for subsistence fish economies that lie downstream of major agricultural
areas. The second is the direct consumption of pesticide-contaminated water. WHO (1993)
has established drinking water guidelines for 33 pesticides (Annex 1). Many health and
environmental protection agencies have established “acceptable daily intake” (ADI1) values
which indicate the maximum allowable daily ingestion over a person’s lifetime without
appreciable risk to the individual. For example, in a recent paper by Wang and Lin (1995)
studying substituted phenols, tetrachlorohydroquinone, a toxic metabolite of the biocide

pentachlorophenol, was found to produce “significant and dose-dependent D NA damage”.
Ecological effects of pesticides

Pesticides are included in a broad range of organic micro pollutants that have ecological
impacts. Different categories of pesticides have different types of effects on living organisms,
therefore generalization is difficult. Although terrestrial impacts by pesticides do occur, the
principal pathway that causes ecological impacts is that of water contaminated by pesticide

runoff. The two principal mechanisms are bioconcentration and biomagnification.

Bioconcentration: This is the movement of a chemical from the surrounding medium into
an organism. The primary “sink” for some pesticides is fatty tissue (“lipids”). Some
pesticides, such as DD T, are “lipophilic”, meaning that they are soluble in, and accumulate
in, fatty tissue such as edible fish tissue and human fatty tissue. Other pesticides such as

glyphosate are metabolized and excreted.

Biomagnification: This term describes the increasing concentration of a chemical as food
energy is transformed within the food chain. As smaller organisms are eaten by larger
organisms, the concentration of pesticides and other chemicals are increasingly magnified in
tissue and other organs. Very high concentrations can be observed in top predators, including

man.

The ecological effects ot pesticides (and other organic contaminants) are varied and are
often inter-related. Effects at the organism or ecological level are usually considered to be
an early warning indicator of potential human health impacts. The major types of effects are
listed below and will vary depending on the organism under investigation and the type of
pesticide. Different pesticides have markedly different effects on aquatic life which makes
generalization very difficult. The important point is that many of these effects are chronic
(not lethal), are often not noticed by casual observers, yet have consequences for the entire

food chain.-

. Death of the organism.
. Cancers, tumours and lesions on fish and animals.

. Reproductive inhibition or failure.
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. Suppression of immune system.

. Disruption of endocrine (hormonal) system.

. Cellular and DNA damage.

. Teratogenic effects (physical deformities such as hooked beaks on birds).

. Poor fish health marked by low red to white blood cell ratio, excessive slime on fish

scales and gills, etc.
. Intergenerational effects (effects are not apparent until subsequent generations of the
organism).

. Other physiological effects such as egg shell thinning.

These effects are not necessarily caused solely by exposure to pesticides or other organic
contaminants, but may be associated with a combination of environmental stresses such as
eutrophication and pathogens. These associated stresses need not be large to have a

synergistic effect with organic micro pollutants.

Ecological effects of pesticides extend beyond individual organisms and can extend to
ecosystems. Swedish work indicates that application of pesticides is thought to be one of the
most significant factors affecting biodiversity. Jonsson etal. (1990) report that the continued
decline of the Swedish partridge population is linked to changes in land use and the use of
chemical weed control. Chemical weed control has the effect of reducing habitat, decreasing
the number of weed species, and of shifting the balance of species in the plant community.
Swedish studies also show the impact of pesticides on soil fertility, including inhibition of
nitrification with concomitant reduced uptake of nitrogen by plants (Torstensson, 1990).
These studies also suggest that pesticides adversely affect soil micro-organisms which are
responsible for microbial degradation of plant matter (and of some pesticides), and for soil

structure. Box 6 presents some regional examples of ecological effects of pesticides.
Natural factors that degrade pesticides

In addition to chemical and photochemical reactions, there are two principal biological
mechanisms that cause degradation of pesticides. These are (1) microbiological processes in
soils and water and (2) metabolism of pesticides that are ingested by organisms as part of
their food supply. While both processes are beneficial in the sense that pesticide toxicity is
reduced, metabolic processes do cause adverse effects in, for example, fish. Energy used to
metabolize pesticides and other xenobiotics (foreign chemicals) is not available for other body

functions and can seriously impair growth and reproduction of the organism.

Degradation of Pesticides in Soil: «wm any pesticides dissipate rapidly in soils. This process
is mineralization and results in the conversion of the pesticide into simpler compounds such
H20, C02, and NH3. While some of this process is a result of chemical reactions such as
hydrolysis and photolysis, microbiological catabolism and metabolism is usually the major
route of mineralization. Soil micro biota utilize the pesticide as a source of carbon or other
nutrients. Some chemicals (for example 2,4-D) are quite rapidly broken down in soil while
others are less easily attacked (2,4,5-T). Some chemicals are very persistent and are only

slowly broken down (atrazine)” (Stephenson and Solomon, 1993).

Process of Metabolism: metabolism of pesticides in animals is an important mechanism by
which organisms protect themselves from the toxic effects of xenobiotics (foreign chemicals)
in their food supply. In the organism, the chemical is transformed into a less toxic form and

either excreted or stored in the organism. Different organs, especially the liver, may be
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BOX 6: REGIONAL EXAMPLES OF ECOLOGICAL EFFECTS

In Europe, the European Environment Agency (EEA, 1994) cites a study by Galassi et al. that
closely links toxicity of Po River water to the zooplankton daphnia magna, to runoff of agricultural
pesticides.

In the Great Lakes of North America bioaccumulation and magnification of chlorinated compounds
in what is, on global standards, arelatively clean aquatic system, caused the disappearance of top
predators such as eagle and mink and deformities in several species of aquatic birds.

The World Wide Fund for Nature (WWF, 1993) reports that a significant amount of an estimated
190 000 tons of agricultural pesticides plus additional loadings of non-agricultural pesticides that
are released by riparian countries bordering the North Sea, eventually are transported into the North
Sea by a combination of riverine, groundwater, and atmospheric processes. WWF further reports
that the increased rate of disease, deformities and tumours in commercial fish species in highly
polluted areas of the North Sea and coastal waters of the United Kingdom since the 1970s is
consistent with effects known to be caused by exposure to pesticides.

involved, depending on the chemical. Enzymes play an important role in the metabolic
process and the presence of certain enzymes, especially “mixed function oxygenases (MFO s)

in liver, is now used as an indicator that the organism has been exposed to foreign chemicals.

Pesticide monitoring in surface water

Monitoring data for pesticides are generally poor in much of the world and especially in
developing countries. Key pesticides are included in the monitoring schedule of most western
countries, however the cost of analysis and the necessity to sample at critical times of the
year (linked to periods of pesticide use) often preclude development of an extensive data set.
Many developing countries have difficulty carrying out organic chemical analysis due to
problems of inadequate facilities, impure reagents, and financial constraints. New techniques
using immunoassay procedures for presence/absence of specific pesticides may reduce costs
and increase reliability. Immunoassay tests are available for triazines, acid amides,

carbamates, 2,4-D/phenoxy acid, paraquot and aldrin (Rickert, 1993)

Data on pesticide residues in fish for lipophilic compounds, and determination of
exposure and/or impact of fish to lipophobic pesticides through liver and/or bile analysis is
mainly restricted to research programmes. Hence, it is often difficult to determine the
presence, pathways and fate of the range of pesticides that are now used in large parts of the
world. In contrast, the ecosystemic impacts from older, organochlorine pesticides such as
DDT, became readily apparent and has resulted in the banning of these compounds in many

parts of the world for agricultural purposes.

Table 17 indicates why older pesticides, together with other hydrophobic carcinogens
such as PAHs and PCBs, are poorly monitored when using water samples. As an example,
the range of concentration of suspended solids in rivers is often between 100 and 1000 mg/1
except during major runoff events when concentrations can greatly exceed these values.
Tropical rivers that are unimpacted by development have very low suspended sediment

concentrations, but increasingly these are a rarity due to agricultural expansion and
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TABLE 17

Proportion of selected pesticides found in association with suspended sediment (After Ongley et at.,
1992)

Pesticide 1°9 Kow % of chemical load at different concentrations (mg/1) of
suspended sediment

myl =10 mg/l = 100 myl = 1000 ng/l = 10000

Aldrin 55 15 55 90 100
Atrazine 2.6 0 0 2 20
Chlordane 6.0 30 75 95 100
DDT 5.8 20 67 93 100
Dieldrin 55 15 55 90 100
Endrin 5.6 18 57 90 100
Endosulfan 3.6 O 0 21 57
Heptachlor 54 13 48 88 100
Lindane 3.9 0 2 30 80
Mirex 6.9 75 95 100 100
Toxaphenel 3.3 0 0 12 47
Trifluralin 53 12 45 87 100
2,4-D 2.02 0 0 0 4
1 Toxaphene mixture. 2 Range is 1.5-2.5.

deforestation in tropical countries. As an example, approximately 67% of DDT is transported
in association with suspended matter at sediment concentrations as low as 100 mg/1l, and
increases to 93% at 1000 mg/l of suspended sediment. Given the analytical problems of
inadequate detection levels and poor quality control in many laboratories of the developing
countries, plus the fact that recovery rates (part of the analytical procedure) can vary from
50-150% for organic compounds, it follows that monitoring data from water samples are
usually a poor indication of the level of pesticide pollution for compounds that are prim arily
associated with the solid phase. The number of NDs (Not Detectable) in many databases is
almost certainly an artifact of the wrong sampling medium (water) and, in some cases,
inadequate analytical facilities and procedures. Clearly, this makes pesticide assessment in
water difficult in large parts of the world. Experience suggests that sediment-associated
pesticide levels are often much higher than recorded, and NDs are often quite misleading.
Some water quality agencies now use multi-media (water + sediment + biota) sampling in

order to more accurately characterize pesticides in the aquatic environment.

Another problem is that analytical detection levels in routine monitoring for certain
pesticides may be too high to determine presence/absenee for protection of human health.
Gilliom (1984) noted that the US Geological Survey’s Pesticide Monitoring Network [in
1984] had a detection limit of 0.05 /xg/1 for DD T, yet the aquatic life criterion is 0.001 /zg/I|
and the human health criterion is 0.0002 Pgl\ - both much less that the routine detection lim it
of the programme. ND (not detectible) values, therefore, are not evidence that the chemical
is not present in concentrations that may be injurious to aquatic life and to human health.
That this analytical problem existed in the United States suggests that the problem of
producing water quality data that can be used for human health protection from pesticides in
developing countries, must be extremely serious. Additionally, detection limits are only one
of many analytical problems faced by environmental chemists when analysing for organic

contaminants.
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Even when one has good analytical values from surface water and/or sediments, the
interpretation of pesticide data is not straight forward. For example, the persistence of
organochlorine pesticides is such that the detection of, say, DD T may well indicate only that
(1) the chemical has been deposited through long range transport from some other part of the
world, or (2) it is a residual from the days when it was applied in that region. In North
America, for example, DDT is still routinely measured even though it has not been used for
almost two decades. The association of organochlorine pesticides with sediment means that
the ability of a river basin to cleanse itself of these chemicals is partly a function of the
length of time it requires for fine-grained sediment to be transported through the basin.
Geomorphologists now know that the process of erosion and transport of silts and clays is
greatly complicated by sedimentation within the river system and that this fine-grained
m aterial may take decades to be transported out of the river basin. For sediment-associated
and persistent pesticides that are still in use in some countries, the presence of the compound
in water and/or sediments results from a combination of current and past use. As such, the
data make it difficult to determine the efficacy of policy decisions such as restrictive use or

bans.

Pesticide monitoring requires highly flexible field and laboratory programmes that can
respond to periods of pesticide application, which can sample the most appropriate medium
(water, sediment, biota), are able to apply detection levels that have meaning for human
health and ecosystem protection, and which can discriminate between those pesticides which

appear as artifacts of historical use versus those that are in current use.

For pesticides that are highly soluble in water, monitoring must be closely linked to
periods of pesticide use. In the United States where there have been major studies of the
behaviour of pesticide runoff, the triazines (atrazine and cyanazine) and alachlor (chlorinated
acetamide) are amongst the most widely used herbicides. These are used mainly in the spring
(May). Studies by Schottler et al. (1994) indicate that 55-80% of the pesticide runoff

occurred in the month of June (Figure 13). The significance for monitoring is that many
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newer and soluble pesticides can only be detected shortly after application; therefore,
monitoring programmes that are operated on a monthly or quarterly basis (typical of many
countries) are unlikely to be able to quantify the presence or determine the significance of
pesticides in surface waters. Pesticides that have limited application are even less likely to
be detected in surface waters. The danger lies in the presumption by authorities that ND
(non-detectable) values implies that pesticides are absent. It may well only mean that
monitoring programmes failed to collect data at the appropriate times or analysed the wrong

media.

Pesticide management and control

Prediction of water quality impacts of pesticides and related land management practices is an
essential element of site-specific control options and for the development of generic
approaches for pesticide control. Prediction tools are mainly in the form of models, many of
which are contained in Table 7. Also, the key hydrological processes that control infiltration
and runoff, and erosion and sediment transport, are controlling factors in the movement of

pesticides. These processes are described in Chapter 2.
The European experience

The Netherlands National Institute of Public Health and Environmental Protection (RIVM,
1992) concluded that “groundwater is threatened by pesticides in all European states. This
is obvious both from the available monitoring data and calculations concerning pesticide load,
soil sensitivity and leaching... It has been calculated that on 65% of all agricultural land the
EC standard for the sum of pesticides (0.5 /zg/1) will be exceeded. In approximately 25% of

the area this standard will be exceeded by more than 10 times...”

In recognition of pesticide abuse and of environmental and public health impacts the
European countries have adopted a variety of measures that include the following (FAO/ECE,
1991):

. Reduction in use of pesticides (by up to 50% in some countries).

. Bans on certain active ingredients.

. Revised pesticide registration criteria.

. Training and licensing of individuals that apply pesticides.

. Reduction of dose and improved scheduling of pesticide application to more effectively

meet crop needs and to reduce preventative spraying.

. Testing and approval of spraying apparatus.

. Lim itations on aerial spraying.

. Environmental tax on pesticides.

. Promote the use of mechanical and biological alternatives to pesticides.

Elsewhere, as for example Indonesia, reduction in subsidies has reduced the usage of
pesticides and has increased the success of integrated pesticide management programmes

(Brinkman, pers. comm., 1995).
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Pesticide registration

Pesticide control is mainly carried out by a system of national registration which limits the
manufacture and/or sale of pesticide products to those that have been approved. In developed
countries, registration is a formal process whereby pesticides are examined, in particular, for
mammalian toxicity (cancers, teratogenic and mutagenic effects, etc.) and for a range of
potential environmental effects based on the measured or estimated environmental behaviour
of the product based on its physico-chemical properties. Most developing countries have
limited capability to carry out their own tests on pesticides and tend to adopt regulatory
criteria from the developed world. As our knowledge of the effects of pesticides in the
environment accumulates, it has become apparent that many of the older pesticides have
inadequate registration criteria and are being re-evaluated. As a consequence, the
environmental effects of many of the older pesticides are now recognized as so serious that

they are banned from production or sale in many countries.

A dilemma in many developing countries is that many older pesticides (e.g. DDT) are
cheap and effective. Moreover, regulations are often not enforced with the result that many
pesticides that are, in fact, banned, are openly sold and used in agricultural practice. The
dichotomy between actual pesticide use and official policy on pesticide use is, in many

countries, far apart.

Regulatory control in many countries is ineffective without a variety of other measures,
such as education, incentives, etc. The extent to which these are effective in developed versus
developing countries depends very much on (1) the ability of government to effectively
regulate and levy taxes and (2) on the ability or readiness of the farming community to
understand and actupon educational programmes. The fundamental dilemma remains one of
accommodating local and short term gain by the farmer (and manufacturer and/or importer)
by application of an environmentally dangerous pesticides, with societal good by the act of

limiting or banning its use.

There is now such concern over environmental and, in some instances, human health
effects of excessive use and abuse of pesticides, that there is active discussion within many
governments of the need to include a programme of pesticide reduction as part of a larger
strategy of sustainable agriculture. In 1992, Denmark, the Netherlands and Sweden were the
first of the 24 member states of the OECD to embark upon such a programme. The
Netherlands is the world’s second largest exporter of agricultural produce after the United
States. In contrast, wood preservatives in the forest sector account for 70% of Swedish
pesticide use with agriculture using only 30% . As noted above, the lack of baseline data on
pesticides in surface waters of OECD countries, is a constraint in establishing baseline values

against which performance of the pesticide reduction programme can be measured.

Box 7 presents information on EXTOXNET, a pesticide-toxicology network which is

available on INTERNET.
The Danish example

In 1986 the Danish Government initiated an Action Plan for sustainable agriculture which

would prevent the use of pesticides for two purposes (W W F, 1992):
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BOX 7: PESTICIDE INFORMATION

One source of current information on pesticides is through the Extension TOXicology NETwork
operated by the University of Oregon on the Internet. EXTOXNET provides information on:

What is the EXTension TOXicology NETwork?
Pesticide Information Profiles

Toxicology Information Briefs

Toxicology Issues of Concern

Factsheets

News about Toxicology Issues

Newsletters

Resources for Toxicology Information
Technical Information

Mailing Groups

Search ALL Extoxnet areas for keywords
Search ALL Extoxnet areas for partial words

email access: almanac@sulaco.oes.orst.edu (request extoxnet catalogue)
GOPHER access: gopher to -- sulaco.oes.orst.edu
choose option tt3 -- Or. Ext. Ser. Projects and Programs
then choose option #4 -- EXTOXNET
WWW access: URL - http://www.oes.orst.edu:70/1 /ext
choose - EXTOXNET

. Safeguard human health - from the risks and adverse effects associated with the use of

pesticides, prim arily by preventing intake via food and drinking water.

. Protect the environment - both the non-target and beneficial organisms found in the

flora and fauna on cultivated land and in aquatic environments.

The objective was to achieve a 50% reduction in the use of agricultural pesticides by
1997 from the average amount of pesticides used during the period 1981-85. This was to be
measured by (1) a decline in total sales (by weight) of the active ingredients and, (2) decrease
in frequency of application. W hile the World Wide Fund for Nature (W W F, 1992) report that
by 1993, sales of active ingredients had been reduced by 30%, the application frequency had

not declined.

The Danish legislation included the following components although, by 1993, not all had

achieved comparable success.

° Reassessment of active ingredients: Reassessment reflects improved scientific
knowledge of pathways, fate and effects of pesticides. By 1993, 80% of the 223 active
ingredients had been reassessed. Fewer than 40% had been approved and about 15% are
restricted to specific types of application (WWF summary of Danish Environmental

Protection reports).-

° Promotion of organic agriculture: The legislation included funding to promote
conversion of traditional agriculture to organic agriculture which, by definition, does not

use pesticides.


mailto:almanac@sulaco.oes.orst.edu
http://www.oes.orst.edu:70/1
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. Excise tax on peStiCideS: The Danish Institute of Agriculture concluded that, “A tax on
pesticides can be designed and implemented in such a way that it will reduce the use of
pesticides without distorting or dramatically worsening the economic situation in the
agricultural sector.” Funds raised by the tax were to be directed back to the agricultural
sector. Studies reported by the Institute of Agriculture suggested, however, that pesticide

taxes alone would not produce the requisite reduction during the lifetime of the plan.

. Certification of peStiCide USErs: All farmers and commercial sprayers must hold

application certificates. Certification includes education in pesticide issues.

. Records of pesticide application: commencing 1 August 1993, individual farmers were

required to maintain records of pesticide application.

. Approval ofspraying equipment: This measure gives the Ministry of Agriculture some
control of types of spraying equipment used in Denmark. New computer controlled
sprayers permit continuous monitoring of pesticide dose by the farmer and reduces

excessive application.

The Danish Government is considering the following additional components as part of

the regulatory process:

. Maximum limits on the environmental load of pesticides: The intent is to produce an
index which equates the quantity used of a pesticide with its known ecological effects.
The concept is, however, difficult to implement as noted by the WWF, “... there is no
direct relationship between the pesticide-load index and the environmental effects - direct
or indirect - of pesticides, since these are the result of a complex interaction between
many different factors.” Nevertheless, the concept has certain management and

regulatory value and may be possible, initially, with a few common pesticides.

*  Prohibiting the use of pesticides within 10 m of lakes, watercourses, wetlands, and
conservation areas: This would achieve some level of pesticide protection for aquatic
systems in the same manner that buffer strips are widely used to reduce the effects of

sedimentation.

e Prohibiting the use ofpesticides within a specified distance from private gardens and
properties containing fields that are cultivated without the use of pesticides.

e Prohibiting the use of pesticides within 10 m of a drinking-water reservoir.

The Swedes have had considerable success in achieving pesticide reduction targets.

W W F (1992) credits their success to the following factors.e

. Setting of targets with achievable goals and using multiple measures of reduction.
. Lead role played by the Environment Ministry and Chemicals Inspectorate.
. Active support of farmers organizations which realize the economic and environmental

advantages of reduced pesticide usage.

. A strong research and development base that provides credible support for new pesticide
initiatives.
. Certification of new machinery and routine testing of farm sprayers at government-

regulated test centres.
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. Re-evaluation and re-registration of pesticides which has resulted in 338 products being

removed from the market.
Pesticides and water quality in the developing countries

Use of pesticides in developing countries is extremely variable, from nil in large parts of
Africa, to extremely heavy dosage in intensive agricultural areas of Brazil and plantations of
Central America. In their review of the limited research literature on pesticide use and
impacts in Africa, Calamari and Naeve (1994) conclude that, “The concentrations found in
various aquatic compartments, with few exceptions are lower than in other parts of the world,
in particular in developed countries which have a longer history of high pesticide
consumption and intense use. Generally, the coastal waters, sediments and biota are less
contaminated than inland water environmental compartments, with the exception of a few hot

spots.”

The Brazilian State of Parana is typical of developing countries undergoing rapid
expansion of agriculture, and illustrates the dilemma of pesticide monitoring. Andreoli (1993)
reports that Brazil, in general, had become the world’s third largest user of “agrotoxic”
substances by 1970, only exceeded by France and the United States. However, Andreoli
states that less than 15% of active ingredients marketed in Brazil are analysed owing to the
lack of methodology, equipment and financial resources. Yet, in a major study of 17
agrotoxic substances (including 11 organochlorine pesticides) over the period 1976 and 1984
in the Parana River basin, 91.4% of in Situ [presumably ambient] samples contained at least
one In the Pirapo sub-basin 97.2% of ambient water supply samples and fully 100% of
samples from springs showed pesticide residues. Andreoli also notes that studies of
“intoxication” in 1985 showed a predominant effect from organophosphate pesticides, with

the most serious effects influencing persons between the ages 15 and 25.

The International Code of Conduct on the Distribution and Use of Pesticides, formulated
and being implemented by FAO (Box 8) is very relevant to pesticide pollution control and

environmental protection in general.

The problems of pesticide management in developing countries is somewhat different

than those of the developed countries. These are summarized as:

. Inadequate legislation and enforcement of pesticide regulations, including importation,

use and disposal.

. G ifts of pesticides from donors that encourage inefficient use and abandonment of older

quantities of the same pesticide.

. Stockpiling of pesticides, especially in countries with unstable governments, leading to
abandonment of stockpiles in situations of insurrection and civil war. Examples exist
where such a situation led to severe groundwater contamination and public health crises

due to dumping of pesticides by untrained civilians.e

. Storage and handling is a major problem, including leakage from old barrels and
deliberate dumping of surplus pesticide mixtures into water courses following

application.
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BOX 8: INTERNATIONAL CODE OF CONDUCT ON THE DISTRIBUTION
AND USE OF PESTICIDES

This Code of Conduct, adopted by FAO and its member countries in 1985, recognises that: “In the
absence of an effective pesticide registration process and of a governmental infrastructure for
controlling the availability of pesticides, some countries importing pesticides must heavily rely on
the pesticide industry to promote the safe and proper distribution and use of pesticides. In these
circumstances foreign manufacturers, exporters and importers, as well as local formulators,
distributors, repackers, advisers and users, must accept a share of the responsibility forsafety and
efficiency in distribution and use. “

Prior Informed Consent (PIC) is an important component of the Code of Conduct. Under PIC,
‘pesticides that are banned or severely restricted for reasons of health or the environment are
subject to the Prior Informed Consent procedure. No pesticide in these categories should be
exported to an importing country participating in the PIC procedure contrary to that country's
decision ... . Implementation of PIC is carried out jointly by FAO and the International Register of
Potentially Toxic Chemicals (UNEP/IRPTC) and included 127 countries in December, 1994.

Pesticides currently (1994) under national review under PIC are:

Aldrin DDT Dieldrin

Dinoseb Fluoroacetamide HCH (mixed isomers)

Chlordane Cyhexatin EDB

Heptachlor Chlordimeform Mercur Compounds
FAO, 1990b.

Destruction of old stores of pesticides (due to deterioration of the active ingredient)
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is

financial prohibitive (estimated at US$ 5000 per tonne) especially as stocks must be

moved to a developed country for destruction. Consequently, old barrels deteriorate wi

leakage into surface and groundwater and/or dumping of stocks.e

Lack of training of users in pesticide handling and application, leading to improp

application with environmental and public health consequences.

Use of pesticides for inappropriate purposes, such as killing of trash fish.

Use of old pesticide drums for drinking water, cooking, etc.

th

er



Control of water pollution from agriculture 69

Chapter 5

Summary and recommendations

Specific actions recommended for the control of sediment, fertilizer and pesticide impacts on
water quality have been enumerated in each respective chapter. In this concluding chapter are
discussed a selection of issues pertaining to water quality which have over-arching
implications for agriculture. Some, such as internalization of all environmental costs,
represent a significant challenge to the way in which agricultural agencies pursue agricultural
practices. Others reflect the interaction between agriculture and other national development

priorities and reflect public policy issues that are of national significance.

In his analysis of impacts of agriculture on water quality in the Brazilian state of Parana
in which agricultural expansion has had major impacts on water quality, Andreoli (1993)
summarized a series of institutional and substantive lessons from that state into the following

observations that have general application.

. The environmental impacts on water resources [in general] caused by agricultural
activities cannot be disassociated from the agricultural impacts in production areas
themselves. They require monitoring, and preventive measures should always be

systemically integrated.

. It is necessary to develop and implement water resource monitoring systems with a prior
definition of indicators, parameters, tolerance limits, frequency and sampling points,

combining this information with quantity data.

. Data and information generated should be properly treated in the sense of disseminating
them as much as possible in order to heighten awareness and mobilization of the public

sector and of society with respect to agriculture’s impact on the environment.

. Attempts should be made to exchange information and to pursue horizontal cooperation

among countries, in order to promote the exchange of information and experiences.

. In the prevention systems proposed, solutions to causes should be looked for, seeking
to match the agricultural model to the socio-economic needs of the population within

environmental limits and vocations.

. Besides treating water quality related problems, there is evidence of other problems
generated by conflicts in use, particularly the need to integrate quality management with
the quantity of water within a comprehensive, decentralized and participatory

management system, reconciling regional development with environmental protection.-

. The cooperation of fiscalizing and monitoring agencies dealing with agrotoxic substances

is urgent, with the capacity for control structures, seeking the development of biological
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indicators (enzymes, AMES test, biotesting, bioindicators) of residues and of anatomy

and pathological damages caused by agrotoxic substances.

Necessity to internalize costs at the farm level

Ultim ately, any strategy to reduce agricultural impacts on water quality will only be
successful if it is implemented at the farm level. Therefore, implementation of control
measures at the farm level will only be successful and sustainable if the farmer can determine
that it is in his economic interest to undertake such measures. Therefore, the economic
benefits from such factors as implementation of erosion control measures to maintain soil
fertility, capital costs associated with improved manure handling and distribution, etc., must
be clearly seen to be offset by reduced energy consumption in minimum till situations,
improvement in soil fertility by improved manure handling and erosion control, reduced
fertilizer costs, etc.. This implies that agricultural agencies must use a holistic approach to
the economics of farming practices. There are abundant examples from both developed and
developing countries that indicate that this approach is equally applicable to all farmers who

have a long-term interest in their land.

In cases where particularly serious pollution of surface and/or groundwater (such as
creation of a groundwater recharge reserve) creates conflicts over water rights and beneficial
uses, mitigation is often addressed by a mixture of regulatory and voluntary measures. These
measures may involve change in agricultural use or land management practice, or may take
land entirely out of production. Where the cost-benefit is not in the farmer’s favour,
compensation becomes an important issue. W hile compensation is a well established legal
recourse in developed countries, appropriate compensation for land owners in cash or kind
should be considered as part of pollution mitigation programmes in developing countries. The
situation in the former Soviet republics is particularly unique; the conversion of public
agricultural land to private ownership requires new administrative, compensatory, and
infrastructure costs to achieve water quality protection. In some countries, the costs of social
disruption of landless farm labourers needs to be factored into the overall compensatory

package.

Integrated national water quality management

The need for integrated water resources management has been widely accepted as a necessary
national policy goal (ICWE, 1992; United Nations, 1992, World Bank, 1993; FAO 1994c).
From the agriculturist’s perspective, only an integrated approach permits the evaluation of
the role of agriculture in a national water resource management programme, and protects
against disjointed, inefficient and inequitable policy decisions for water quality remediation.
The disastrous environmental situation in many Eastern European countries as well as in
some rapidly industrializing countries, provides ample evidence for the types of policy actions
that need to be taken to deal cost-effectively with the role of agriculture within the larger

framework of water quality management.

The example of Lithuania is instructive (FAO, 1994b). The following seventeen issues
form the basis for the water quality policy that is proposed in Lithuania. Clearly, agriculture

is but one of the concerns that comprise the mix of water quality policy issues. Also, the
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emphasis on piggeries can be replaced by other types of intensive animal farming in other

countries.

1 Unsafe groundwater supplies in rural areas.

2. Needfor identification/definitions of water protection areas.

3. Wastefrom pig complexes is discharged directly into watercourses; lack ofappropriate
technology for handling of waste from pig complexes.

4. Conflicting views on (a) intensive agriculture, and (b) water quality protection from
nutrient and chemical pollution.

5. Groundwater pollution from municipal waste water in Karst areas.

6. Policy issues related to the use of surface water are linked with pollution and dilution
requirements during periods of low flow.

7. Conflicting functions of (a) licensing and (b) quality control ofpesticides, carried out
by the same agency.

8. Financing and implementation of municipal waste treatment to EC-HELCOM (Helsinki
Commission) recommended standards.

9. Collection/treatment of industrial/urban rainwater runo ff.

10. Poorly managed solid waste dumping sites.

11. Consideration of step-wise, time-targeted implementation of industrial effluent standards.

12. Need to consider economic and social consequences of effluent standards and water
quality objectives.

13. Industry to have access to clean technology for safe disposal of waste.

14. Inefficient and operational problems of combined industrial and municipal waste water
treatment.

15. Viability of irrigation is questionable; alternative methods for disposal of slurry waste
from pig complexes have to be identified. [Note: refers to use of irrigation to dispose
of slurry waste from pig complexes.]

16. W ater protection and general environmental health policies are not consistent and need
to be adapted to general policies of extended private initiative and responsibility.

17. Responsibility, ownership and mechanisms for certification, accreditation and control of
water quality laboratories including main objectives (environmental, hygienic, law

enforcement and scientific purposes) need to be defined.

Missing from this list is improved pPest management and fertilizer management,
particularly from the context of efficient use of animal wastes and the environmental
(including water quality) and public health benefits from a more optimal use of pesticides.
In other countries with different climatic and topographic characteristics, additional policy

elements would include:e

. erosion control

. aquaculture impacts

. deforestation impacts

. wetlands management

. pesticide management and control (importation, manufacture, sales and application, and
disposal)

. irrigation management

. rice/fish culture management
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Assessment methodology

In Chapter 1 it was noted that a typical dilemma in managing water quality in river basins
was the difficulty in determining the extent to which agriculture contributes to the overall
water quality problem. Therefore, recommendations for assessment of impacts of agriculture
on water quality fall into two spatial categories - one is at the farm level, the other is at the
river basin level. Assessment and decision-making at these two scales are fundamentally

different.

At the farm |eV€|, assessment and decisions are those that can be implemented by the
farmer. W hile the net benefits may be felt at larger scales, the objective is to implement
decisions that are practical and which are economically advantageous for the farmer. At the
river basin scale the user is a regional or national agency which must assess the contribution
of agriculture to the larger problem of river pollution, and the management alternatives both
for point and non-point sources that could be implemented in different parts of the basin that
would have the greatest impact at the least cost. Therefore, basin-scale assessment is essential
for the development of rational and cost effective remediation and control programmes which
are usually driven by national policies on water pollution. The tools for agricultural impact
assessment are well known, however, they need to be systematized into a general
methodology and integrated with modern environmental chemistry and take advantage of new
advances in the field of information technology. The methodology needs to be developed at
two levels of detail: (a) at the screening level in which a rapid assessment can be made and
which provides approximate levels of predicted impacts based on easily accessible
information; and (b) at a detailed level for use in detailed studies for the purpose of

developing remediation options.

at the Small scale (field, small catchment) it is important to be able to predict the nature
of agricultural runoff and associated loss of nutrients, sediments and pesticides, so that
agriculturalists can predict the probable impact of different crop and land management
options. Table 13 identifies a selection of models that are used for agricultural assessment
purposes. It is recommended that one or more screening models be adapted for use in
developing countries for the purpose of estimating erosion and chemical loss at the plot or
field level, and for “gaming” with alternative land use options relative to erosion and
potential for chemical runoff. Appropriate screening models should not require excessive
data, should integrate over seasons, and be easily transportable from one region to another.
Such models will require selective calibration by national agricultural agencies to ensure

reliability.

At the Iarge scale (sub-basin, basin, regional) there is an urgent need to develop simple
methods for making estimates of erosion at the basin scale, as has been discussed more fully
in Chapter 2. Also at the basin scale there is a need to develop a systematic methodology that
permits evaluation of water quality impacts of agriculture relative to other types of polluting
sources. One possibility is a combination of the “rapid assessment” methodology of the
World Health Organization (Economopoulos, 1993) in which point sources can be rapidly
inventoried and assigned to pollutant categories together with a non-point source assessment
methodology (a screening type of model), both operated within a georeferenced expert

system.
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Environmental capacity

GESAMP (1956) cefires ervirameantal (@lso known as raeivirg, aosorptine or assimilatne)
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tte Ime Bwether tre npect exossds thredolds which soaety deems urecoeptable Tar
sl econamic or adtural reesas. Soetrfially, much salreedy known - rates of uptale,
diluto, lossss through \olatalizataon, e Honever, determinataan of tte thredold vallues
requires rot anly saentafic i, but also socio-ecoanic and altural uts. Acocording ©
GESAMP, thisworks well within an intaractive enviramental management: strateyy G,
19D).
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diffarat types of ruoff prodlcts ntte koAl antedt. Determination of acogptzble thredold
\alues aould be systeratizad thraugh use of an eqeart system nwhich tre dataese Inclucess
dl releat soentafic daeadanstics; tre dsasion on te thresold valle are ealuatsd as a
sries of gotias tet are fillaad thraugh tre knovledge (imub) of laal ciraunstances.

The data problem in water quality

(a) Data Programmes: HKwas noted nCepter 1 tet, tpically, tre datawhich are needed
far ucth an assessrant are ot often aatlieole from aneantaaal vater gality monitoring
programes. Honever, ttereare new tedmiges meviramental denistry and todclay
which parmit much more ast=effectinve determinetaan of tre reture and source of water
quality prablems then spossible with anvataaal physico-demical measuraments tetare
caried aut nmost water gality programes. Aplegren (FAO, 190), nhis assessient
of vater resourae policy nestcs N Lithuenia, a country whikch s praaebly tspical of many
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ad avater resourcss chtsese.
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. Rchce rd siEnmi!Drirg networks ad expand the survey approach 1O water
qality measurenent Ridart, 198).
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management judgements doout presae/dsae/todacity ad eviramatal ad/or
human health inpects of agatic damistry are freqpatdy gossly nenmar ifaehysis B
made anly on water saples._e

 Use of “Environmental Effects Monitoring” (EEM) to reduce the amount of
analytical chemistry and to increase environmentally relevant information for
decision-making. Commonly, EEM Inohes instream assessvaits wsing biolagpcal
uney tedniges. The raticsle Bhesad on tre fact ttet, 1ifeg atic aatamination edsts,
wall be evidait n biota (Reyroldson and Metcakfe-Snith,  192; Reyrnolldson et al.,
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1995; US-EPA, 1989). Canada and the United States have agreed on the use of
biologically-based objectives for the management of water quality of the Great Lakes.
These techniques are very useful in developing countries insofar as the measurements
require training in biology (usually good in developing countries) and is labour intensive
rather than capital intensive. EEM reduces reliance on high-end analytical chemistry with
its large capital costs and lengthy training. EEM <can involve many other types of
biological measures such as fish health, fecundity, immune suppression, etc. Many of

these tests are simple and are low cost.

. Except where specific chemical measures are justified, make use of modern screening
techniqgues that provide economical indicators of chemical presence and/or impact.
Screening technigues are designed to provide quick information which guides the
decision on where more detailed (and expensive) chemistry is needed. Screening
techniques eliminate the “menu” approach to environmental chemistry wherein
laboratory analysis is restricted, for reasons of cost, to a predetermined set of chemical
parameters. Experience has shown that such lists frequently have little value in studies

of environmental contamination. Screening tools include the following types of activities:

.« Standardized laboratory bioassays (Keddy et al., 1994)
«+ Immunoassay tests (Bushway et al., 1988; Thurman et al., 1990)

. Measures of fish health such as red/white blood cell ratio, slime on body and gills,

etc.

e Use of enzyme measures to determine whether fish have been exposed to toxic

chemicals (e.g. MFO induction [Mixed Function Oxidases])
« Measure of total chlorine (an indicator of total chlorinated compounds).

« TIE (Toxicity Identification Evaluation).

(b) MObIlIZIng Data: 1t is essential that agriculturalists can determine the impacts of
agriculture on water quality at the medium and large scales relative to other potential sources
of water quality degradation. This requires that conventional monitoring data for nutrients,
salinity, and suspended sediment need to be integrated into a single information system that
permits analysis of basin or sub-basin trends in water quality and sediment transport relative
to point and non-point sources and gross indicators of land use, topography, soils and
climate. That this is not done in most countries reflects inter-agency and institutional
problems and the lack of suitable software. Measures of data reliability must be established
and confidence levels established for interpretive activities. Analysis of existing data rapidly
leads to identification of data gaps, of unreliable parameters, and of parameters which have

no useful function and which can be eliminated from monitoring programmes.

W ater quality indices for application to agricultural water quality issues

W ater Quality Indices refer to two or more parameters that indicate the "healthiness" of
water. In some cases, indices reflect ecosystem behaviour; in other cases, they indicate
conditions of the aquatic environment (e.g. toxicity). These indices are generally designed
to determine potential for ecosystem dysfunction, and to provide insight into pollution sources
and management decisions for source control. Indices tend to be mainly used for descriptive

purposes and are not often used directly for water quality management at the field level. The
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need is for indices that permit rapid assessment of impact of agricultural runoff and which
can be used to make judgements on levels of impacts in space and time as a basis for
management decisions concerning the need for controls. There is also potential to develop
indices which link water quality impacts to economic factors relative both to upstream sources
and downstream consequences, as a way to evaluate the economic impacts of agricultural

runo ff.

Currently, water quality indices are of the following types:

(@ Numerical Indices based on conventional water chemistry: there are commonly a half
dozen indices that combine various chemical measures of water quality into an integrated
index. These commonly include a mixture of nutrients, microbiology, dissolved oxygen and,
occasionally, metals. Generally, these are used as descriptive tools for assessing river
reaches. The more successful indices wuse a Ilimited number of parameters (e.g. a
eutrophication index would use nutrients and dissolved oxygen or BOD) and describe one
type of water pollutant impact (e.g. eutrophication). The most complete recent reference is

a report (in Dutch) produced for RIZA (Netherlands) on chemical indices (RIZA, 1994).

(b) Effects Indicators/Indices: There are a wide variety of "effects" indicators which are
often combined into an index. These generally are some measure of biological reaction to
aquatic pollutants. Many of these are used as "screening" tools (as noted above) which can
help managers resolve spatially and causally, the nature and intensity of the pollutant impact.

These indicators include:

Bloassay: Usually a scoring system based on the performance of a number of standardized
lab assays using pollutant-sensitive species that are indicative of various trophic levels (e.g.
bacteria, algae, invertebrates, vertebrates). Bioassay tends to focus on toxicity impacts

(Keddy et al., 1994).

Biotic Indices: There are a variety of standari e commonly used
in Europe for water quality assessment and management. Generally, these indices are
developed from benthic assemblages in rivers and streams. The index represents the nature
of benthic response, mainly to organic pollution (domestic and municipal wastes). These have
not been very successful for toxics assessment. There have been many reviews of biotic

indices (Reynoldson and Metcalfe-Smith, 1992; Metcalfe-Smith, 1994).

ECosyStem indicators: Increasingly, there is interest in indicators that describe how parts
of ecosystems respond to physical and chemical stress. Indicators can include a range of
ecological measurements (fish, benthic organisms, habitat, etc.). This techniqgue has proven
useful as a means of establishing norms against which managers can measure success of
remediation measures (US-EPA, 1989). This approach has also been used in the United

Kingdom, Canada, and Australia (Reynoldson et al. 1995)

Other Effects Indices: there are a wide range of indices that are used to assess nutrient
and/or toxic stress. Many of these use fish as a useful surrogate for impacts on humans.

These indices include:

measures of fish health using histological (e.g. red/white cell ratio) and pathological
measures (size and appearance of organs).

presence/absence of contaminant metabolites in fish bile, liver, etc.
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presence of enzymes as part of detoxification process in organisms (e.g. measures

exposure of fish to toxic chemicals).

(C) Other Chemical Indicators: these are integrating (and usually simplifying) chemical
measures of groups of compounds. An example is the mapping of chlorine residuals as a
measure of total chlorinated m aterial in the water column in a river basin. "Hot spots" within
the basin indicate potential problem areas. The objective of such indicators is to use simple,
inexpensive measures to determine whether problems may exist and to guide decisions on

priorities for further (and expensive) chemical analysis.

General Note: Many of these techniques are lower in capital equipment requirements and
higher in useful information than conventional water chemistry, and are capable of
implementation by developing countries which typically have good capacity for biology but
much lessfor advanced environmental chemistry. Such indices do require a shift in the "data
paradigm" which continues to be dominated by the (western) chemical approach to water
quality assessment.

Economic analysis of cost of water pollution attributed to agriculture

Because agricultural water pollution is of a non-point source nature, the quantification of
pollutants and their impacts is more difficult than for point sources. However, the world’s
ever-increasing demand for dwindling supplies of good-quality freshwater requires that
countries adopt a holistic approach to water resource management. Pollution control is now
so expensive thatdecisions on resource management priorities should be guided by knowledge
of the cost of water pollution to the various economic sectors. That cost is in two parts: the
first is the direct cost (e.g. treatment) of meeting minimum water quality standards required
for various uses; the second is the cost of lost economic opportunity because of inadequate
water quality. Examples include: reduced production due to excessive salinity in irrigation
water, and loss of fish production due to reproductive and growth impairment caused by toxic
chemicals. It is only by knowing both direct and indirect costs, and by assigning these costs
to the various economic sectors (including agriculture) that the true cost both caused by and

absorbed by agriculture, can be evaluated relative to other sectors.

Information technology and decision making

An often cited benefit of information technology is the ability to electronically access data,
text, graphics, etc. from an infinite number of locations in the world. An example for
pesticide information was provided in Chapter 4. The hardware and software (e.g. World
Wide Web on the Internet) is now reliably dedicated to such tasks to the point where
information overload is now a problem. Nevertheless, while this type of information
technology is the best known aspect of the information revolution, it is only one side of the
information technology equation. The second side deals with the problems created by this
ease of access. This includes the frequent absence of quality control and other meta-data
which are needed to describe the characteristics of the data/information, and the immense
problem of what to do with such large amounts of information when it is received and how
to use it for decision-making purposes. Indeed, the challenge is no longer that of accessing

information but one of integrating information in a systematic manner for the purpose of
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making management judgements about particular projects and problems in agriculture in

general, and the management of water quality in particular.
Inform ation technology is now conventionally used in the following ways:

a. Information Systems: systems that inform users about what information exists and
where to find it. These may be internal to an agency or mounted on the Internet through
an agency’s Home Page. As part of these systems, hypertext permits instant (Internet)
access to information sources no matter where that information may be located in the

world.

b. Integrating Software: software that contains an integrated set of “tools” (map editors,
statistics, graphics, expert system shells, etc.) which permit the user to access, assemble
and use data, models, text, imagery, video, models, etc. for any purpose defined by the
user. W hile some geographic information systems (GIS) have some of this capability,
fully developed systems, such as Environment Canada’sRAISON Software, are designed

specifically for such tasks.

c. Advisers: special computer programs that are designed to provide advice to users. This
can range from simple situations that are captured in the software and presented to the
user, up to programs which use the full range of inform ation technologies such as Expert
Systems (knowledge base), neural networks (self-learning), fuzzy logic (uncertainty), etc.
and which are increasingly being used in complex decision-support software. W hile these
advanced technologies are invisible (“transparent”) to the user, they often permit analysis
of uncertainty in the decision process which can be very beneficial to the user. The
technology of “advisors” uses much of the same techniques as information systems
insofar as the advisor may lead the user to information sources that may be held
anywhere on the Internet. Other “advisors” are quite self-contained and rely only on

input of appropriate data by the user. An example of each is provided below.

One particular role of advisors is in the field of Screening tools. as in the example
below (EXPRES), a screening tool provides a consistent approach to making first-
approximation judgements, usually with limited information. Screening tools, whether
they be based on information systems or on biological and chemical measurements as
noted earlier in this Chapter, assist the user to decide if greater attention to the issue is
merited. For example, a screening tool could be used which permits a first rapid
assessment of the potential for developing an irrigation scheme. The screening tool
provides a first estimate of the potential (including potential impacts) and identifies those
aspects which remain unclear and which require further investigation in order to provide
an improved decision. The screening tool is especially useful for the non-expert and, in
many instances, can save time and money by eliminating the need to send irrigation
professionals with different types of expertise to every possible site. Alternatively, the
screening tool can assist a single expert by providing the knowledge base of other

experts as part of the database contained within the computer program.

Advisers can also lead to significant savings in labour in situations where agencies must
routinely respond to technical issues. By capturing the experts’ knowledge about these
issues on a computer, routine responses can often be handled by a secretary thereby

freeing up the time of expensive professionals.
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Examples of Advisers in Water Quality: The following two examples demonstrate two
types of advisers that reflect problems of water quality in agriculture. The first, a manure
management system known as the - Manure Wizard", is an information system which not
only assists in making a decision, it also permits the user to explore the sources of
inform ation that pertain to the recommended decision. The second, EXPRES, is a self-
contained program which permits the user to explore the potential for contamination of
shallow groundwater by pesticides through the use of models and pesticide databases that are

built into the software.
(@ Manure Wizard

Manure management at the farm level is mainly driven by problems of water quality impacts.
Manure management is often complex, involving decisions about manure chemistry, animal
types, gquantitative prediction, economics of manure handling, different options for disposal,
spreading on land under different conditions of soil, slope and crop types, etc.. Because
manure management has significant pollution potential as well as significant costs at the farm
level for containment and disposal, the Manure Wizard provides the farmer with as much
information as is needed to make an informed decision about his options. This Advisor,
developed at the University of Guelph (Canada) for Agriculture Canada allows the farmer to
interrogate the information system about any aspect of manure management under different
types of agricultural conditions that are found in Ontario. The system contains relevant text
as well as the ability to connect the user, via the Internet, to other sources of documentary
information. The Adviser contains a “knowledge base” which helps the farmer arrive at an
appropriate and cost-effective solution for manure management. The knowledge base consists
of informed judgement from professionals in this field, which is captured as part of the
database, and then applied to the particular problem of the user. The Advisor, once
developed, provides comprehensive and systematic information for decision-making to the

farmer, and requires no computer skills on the part of the user.

Figure 14 illustrates the first two “screens” (i.e. computer images) that appear in the
Manure Wizard. Each screen leads the user through a series of questions and provides
guidance on those issues relevant to manure management. Using “hypertext” linkages, the
user can interrogate specific words, titles, phrases or issues that appear on the screen.
Hypertext then immediately transfers the User to the relevant section of the Advisor or

autom atically connects the user to an external information source.

(b) EXPRES: The EXpert system for Pesticide Regulatory Evaluations and Simulations),
was developed by the National W ater Research Institute of Environment Canada (Crowe and
Mutch, 1994) as a tool for quickly evaluating the potential for contamination of shallow
groundwater by agricultural pesticides. Typically, this type of issue is answered by a detailed
knowledge of the soil (often through drilling of cores), measurement of slope, pesticide
chemistry, etc.. This type of investigation is expensive and there was a need to develop a
screening technigue which would allow non-experts to estimate the potential for groundwater
contamination without having to go to the expense and trouble of drilling wells, making field

measurements, hiring consultants, etc.

The EXPRES expert system consists of a “knowledge base” (informed judgement by
experts) in this field, and which is captured as part of the database, a database of pesticide
and other relevant information, and three pesticide assessment models. Using the user’s

available data and study objectives, EXPRES selects the most appropriate model, assists the
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FIGURE 14
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Example of the first two "screens» ef the Manure Wizard. These guide the user through a series
of questions designed to assist the user in making a decision for the most cost-effective and

beneficial way to manage animal wastes (Source: University of Guelph, Canada)
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FIGURE 14 cont'd
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FIGURE 15
Different geographical scales that can be addressed with the EXPRES regional assessment adviser

(From Crowe and Booty, 1995; printed by permission of Kluwer Academic Publishers)

user in construction of an input data set, initiates the assessment, and aids in the interpretation
of the results. EXPRES can review pesticide and site properties, assess the potential for
leaching to groundwater relative to other possible pesticides, make quantitative predictions

on the distribution and migration rates of the pesticide, and evaluate the processes and factors

that control the fate of pesticides in the subsurface.

EXPRES has been expanded into a regional assessment tool (Figure 15). by Crowe and
Booty (1995) with three different scales of application - soil profile scale, local scale, and
regional scale. The most detailed analysis is at the soil profile scale, whereas the larger scales

are used as screening tools by regulators to determine the relative potentials for groundwater

contamination and the need for groundwater monitoring.
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Advisers tend to be designed for specific sets of conditions. Both EXPRES and the
Manure Wizard are designed for application under humid temperate conditions and
agricultural systems found in Canada; nevertheless, they can be adapted to include other types

of climatic and agricultural conditions.
Recommendations

The management of water quality in agriculture is increasingly a complex and multi-sectoral

problem that requires the ability to:

. predict environmental consequences;

. analyse remedial options both at the farm level and at the basin level;

. carry out cost-benefit analysis of other sectoral needs and impacts on water quality;

. identify policy options at the basin, region or national levels;

. carry out post-audit functions to determine effectiveness of the decisions, once

implemented.

It is recommended, therefore, that FAO and national agricultural agencies
take full advantage of the new capabilities offered by information
technology that permit more consistent and reliable analysis and decision-
making for complex water quality issues.

Inform ation and decision-support systems should rely on commercial and public domain
products for routine tasks. This includes database software (e.g. dBASE, etc.), existing G IS
files (raster and vector) from commercial GIS systems, statistical packages etc. Where
appropriate, decision-support systems should easily integrate existing software (such as SIM IS
[Scheme Irrigation Management Inform ation System], CROPWAT [Crop W ater
Requirements]) into the software. Such systems should be easily expandable (adding new

tasks to the software) by using existing software components.

The onus is on system developers to create a computer decision-support software which
is quite transparent to the User. This means that the User should be able to operate the
program with a minimum of training. The software should have appropriate "HELP" tools

built into the software. The User should not have to be a computer expert.

Use of water quality objectives

W ater quality objectives and guidelines are widely used to determine the suitability of water
quality for designated uses, including agricultural use. The impacts of agriculture on water
quality, therefore, are a determinant in whether or not water is suitable for a downstream
use, including downstream withdrawals for irrigation. W ater quality objectives are widely
used for regional water quality assessment and planning purposes, and for environmental

reporting.

There is a tendency amongst developing countries to adopt water quality objectives and
guidelines developed by western water quality agencies. The Canadian Water Quality
Guidelines (CCREM, n.d.), for example, are widely cited. Calamari and Naeve (1994) note
that the use of water quality criteria that are developed in temperate ecosystems should be

used with care in African situations due to the large differences in chemical behaviour
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TABLE 18
Candidate pesticides for the proposed international POPs protocol

PESTICIDES Othersl
Aldrin Acrylonitrile
Atrazine Aramite
Chlordane Dioxins
Chorpicrin Furans
1,2-Dibromoethane Lead compounds
1,2-Dichloroethane Cadmium compounds
Dieldrin Captafol
DDT (+DDD + DDE) Chlordecone (Kepone)
Endrin Chlordimeform
Fluoroacetic acid & derivatives Chloroform
Heptachlor Crimidine
Hexachlorobenzene Isobenzan
Lindane (Hexachlorocyclohexane) Isodrin
Mirex Kelevan
Nitrofen Morfamquat
Pentachlorophenol 2,4,5-T
Polychlorinated terpenes Poly-chlorinated biphenyls (PCBs)
Quintozene Selenium compounds
Toxaphene

1 Chemicals not currently used in Western Europe but identified as requiring control if they were in use.
Highlighted compounds are those commonly referred to as the "Dirty Dozen".

(toxicity, persistence and accumulation rates) in these different climate conditions. The same
point can be made for Asian and many Latin American countries. W ater quality objectives/
guidelines/criteria also reflect, explicitly or implicitly, societal values and willingness to
accept risk, especially for water quality objectives linked to public health. A Il these
considerations suggest that water quality objectives developed in advanced countries may not
be appropriate for developing countries. This issue is much larger than that of agricultural
impacts on water quality, however the level of impact of agriculture in many developing
countries is sufficiently large that agricultural agencies should have some involvement in the
development of water quality objectives that are appropriate for those countries and which
are realistic in terms of the ability to assess agricultural impacts on water quality for the

purpose of meeting water quality objectives.

FAO AND THE POPs AGENDA

Global contamination by Persistent Organic Pollutants (POPs) has achieved international
prominence (Table 18). The importance ofthese chemicals in the context of non-point sources
of pollution was brought out in the following fora: 1995 UNEP Governing Council; ongoing
ECE negotiations on long-range transport of atmospheric pollutants (LRTAP); the 1995
adoption of a Global Plan of Action for the Prevention of Pollution of the Marine

Environment by Land Based Activities; and a Nordic initiative to achieve a POPs protocol.

The implications for agriculture are that a substantial number of the candidate chemicals
on the POPs list are agricultural pesticides (Table 18), some of which are still widely used
in developing countries. The chemicals listed in Table 18 are taken from European, Canadian
and ECE lists of pesticides that are banned or that have been identified as requiring major

reductions in use due to documented environmental and/or public health consequences.
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BOX 9: POPS STATEMENT INCLUDED IN THE WASHINGTON DECLARATION
ON PROTECTION OF THE MARINE ENVIRONMENT
FROM LAND-BASED ACTIVITIES

Para. 17: Acting to develop, in accordance with the provisions of the Global Programme of Action,
a global, legally binding instrument for the reduction and/or elimination of emissions, discharges
and, where appropriate, the elimination of the manufacture and use of the persistent organic
pollutants identified in decision 18/32 of the Governing Council of the United Nations Environment
Programme. The nature of the obligations undertaken must be developed recognizing the special
circumstances of countries in need of assistance. Particular attention should be devoted to the
potential need for the continued use of certain persistent organic pollutants to safeguard human
health, sustain food production and to alleviate poverty in the absence of alternatives and the
difficulty of acquiring substitutes and transferring of technology for the development and/or
production of those substitutes.

The agricultural sector w ill face significant challenges in accommodating worldwide bans
or serious restrictions on certain pesticide formulations. These challenges include cost-
effective alternatives, national regulations, and enforcement of importation, manufacturing
and use of banned agro-chemicals. Because, at the time of writing, it is difficult to foresee
what the final outcome of the various POPs initiatives w ill be, this recommendation deals
only with the role that FAO may have to play in the negotiations that may lead to an
international POPs protocol. FAO is the principal source of impartial information, both on
the science and chemistry of pesticides used in agriculture that will be needed by many
developing countries to effectively participate in the POPs negotiations, and on provision of
informed advice to developed countries of the economics and efficacy of pesticide use in the
developing world. FAO is in the position of playing an important and highly visible role as

mediator and broker to the POPs process.

Pesticides in developing countries

Quite separate from the POPs agenda is the problem of pesticide use in developing countries
and countries with economies in transition. The history of pesticide abuse is legend. The
environmental, water quality, and public health consequences are well known. W hile the
“Prior Informed Consent” programme of FAO and IRPTC (International Register of
Potentially Toxic Chemicals) is an important step, the abuse and misuse of agricultural
chemicals remains a major problem in many countries, especially in Latin America, Asia and
eastern Europe. There are no easy answers or recommendations, however the issue is so
important both for public health and the environment, with large off-site economic costs, that
FAO needs to develop a specific action plan in the field of pesticide use. The action plan
needs to include assessment, education, demonstration, chemical replacement, storage and

destruction.

Actions by national governments, such as reduction or elimination of price subsidies, can
have significant beneficial effects through reduced pesticide use. Combined with training in
integrated pest management, reduced pesticide use can achieve both ecological (including

water quality) and economic advantages at the local level.
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Annex 1

Pesticide inventory

This Annex provides general information for a broad range of agricultural pesticides.
Readers must consult the original sources for detailed information, especially for drinking
water guidelines. Different values for concentrations in drinking water and in fish and
shellfish tissue reflect different criteria and methods used to calculate these values. Guidelines
for fish are for edible parts (e.g. fillets). Concentration values for drinking water and fish and
shellfish tissue are not available for many pesticides. The primary source for this Annex is
Reference #1 below: unless otherwise indicated, information and values come from this

source.

(1) US Environmental Protection Agency, 1990. National Pesticide Survey: Survey Analytes.
In: “National Survey of Pesticides in Drinking W ater Wells, Phase 1 Report, O ffice
of Water, Office of Pesticides and Toxic Substances, EPA570/9-90-015, Washington
DC

(2) Nowell, L.H. and Resek E.A. 1994. National standards and guidelines for pesticides in
water, sediment, and aquatic organisms: Application to water-quality assessments.
Volume 140 of “Reviews of Environmental Contamination and Toxicology”,
Springer-Verlag, Heidelberg, Germany, Volume 140. (Refer to this source for
comprehensive discussion; guidelines for aquatic life, etc.).

(3) World Health Organization, 1993. Guidelines for drinking water quality; Volume 1:
Recommendations. World Health Organization, Geneva,Second Edition.

(4) Misc. sources, including product literature, etc.

Pesticide Common or Type Principal Use Drinking Water ~ Fish & Shellfish
Trade Name » d Level O*g/l)  Tissue (raglkg)
Acifluorfen Blazer Herhicide Controls weeds and grasses
Carbofluorfen in soybeans, groundnuts, rice.
Tackle and other large seeded
RH-620 legumes
Alachlor Lasso Herbicide Controls annual grasses and 2.0
weeds In maize, Soybeans, 20. (3)
and groundnuts
Aldicarb Temik Insecticide Controls insects, nematodes, 10. (13)
Acaricide and mites on cottom, sugar
Nematocide beets, potatoes, and
omamentals
Aldicarb sulfone  Standak (Degradate) (See Aldicarb) 40.
Aldoxycarb

Aldicarb sulfoxide ~ (See Aldicarh) (Degradate) (See Aldicarb) 10.
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Pesticide Common or
Trade Name
Aldrin HHDN
Octalene
Ametryn Gesapax
Atraton Gesatamin
Atrazine AAtrex

Atrazing, deethylated (See Atrazine)

Barban Carbyne
Baygon Propoxur
& Uné)en

Blattanex
Bentazon Basagran
Bromacil Borea
Hyvar
Uragan
Butachlor Machete
Butylate Sutan
Carbaryl Sevin
Carbofuran Furadan
Caraterr

Carbofuran, 3-
hydroxy-

Carbofuran, phenol  (See Carbofuran)

(See Carbofuran)

Carbofuran, phenol, (See Carbofuran)
3keto-

Catboxin D-735
DCMO
Vitavax

Chloramben Amiben

Vegiben

Type

Insecticide

Herbicide

Herbicide

Herbicide

(Degradate)
Herbicide

Insecticide

Herbicide

Herbicide

Herbicide

Herbicide

Insecticide

Insecticide
Acaricide
Nematocide

(Degradate)

(Degradate)
(Degradate)

Fungicide

Herbicide

Pesticide inventory

Principal Use Drinking Water  Fish & Shellfish
Level (figh)  Tissue (mg/kg)

Controls soil insects 0.03 03 ©

Controls weeds in

Bmeapple, su%a_rcane, _

ananas, plantains, maize,

and potatoes

Formerly an experimental —

herbicide

Controls cerain weeds in 3.0

maize, sorghum, sugarcane, 2.0

pineapple, and citrus fruits
(See Atrazing) —

Controls weeds in wild oats, — —
wheat, lentils, peas, sugar
beets, harley and clover

Controls cockroaches, flies,
mosquitos, and turf insects

Controls broadleaf weeds in -~ 30.
soyheans, rice, maize, groundnuts,
beans, peas, and mint

Controls weeds and brush in+~ —
non-¢rop areas, and controls
weeds in citrus and pineapple

Controls annual grassesand ~ —
weeds in seeced, transplanted
rice and other crops

Controls grassy. weeds and —
nut grass n maize

Controls insects in forests —
[awns, ornamentals, shade

trees, and rangeland

Controls insects, mites, 40,
nematodes on maize and )
other crops

(See Carbofuran) —

(See Carbofuran)
(See Carbofuran) —

Controls smuts on barley, -
oats, wheat, and seedlings

Controls weeds in soybeans, = —
groundnuts, sunflowers, and maize
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Pesticide

Chlordane

Chlordecone (2)
(Kepone)
Chlorobenzilate

Chloroneb

Chlorothalonil

Chlorotoluron (3)
Chlorpropham

Cyanazine

Cycloate

24-D

Dalapon

24-DB

DCPA

DCPAacid
metaholites

44-DDD

4 4-DDE
44-DDT
Diazinon

Common or
Trade Name

Gold Crest C-100

Altar,
Benzilian

Terraneb

Bravo
Daconil

Chloro IPC
CIPC

Furloe
Sprout NP

Bladex
Fortrol

Ro-Neet

2.4 Dichloro-
henoxracenc acid
qua Kleen

Dowpon
Ded-Weed

But%/rac
Embutox

Chlorthal-dimethyl
Dachtal

See DCPA_g
achtal aci
metabolites

TDE
Rothane

(See 4,4-DDD)
(See 4,4-DDD)
Spectracide

Basudin
AG-500

Type

Insecticide

Acaricide

Fungicide

Fungicide

Herbicide

Herbicide

Herbicide

Herbicide

Herbicide

Herbicide

Herbicide

(Degradate)

Insecticide

(Degradate)
(See 4,4-DDD)
Soil Insecticide

95
Principal Use Drinking Water ~ Fish & Shellfish
Level Otgll)  Tissue (mgrkg)
Controls termites in homes 2. 03 @
and controls other insects 02 (3
such as fire ants around
underground cables
030
Controls mites on citrus,

cotton, and vegetables

Controls snow mold, and —
s¥stemat|c seedling diseases
0t cotton, beans, and soybeans

Controls fungus on, beans,
carrots, celery, maize,
conifers, and"groundnuts
0. ()

Controls weeds in alfalfa,
lima beans, and snap beans

Controls annual grasses and
broadleaf weeds In fallow

croplands

Controls annual broadleaf

weeds and grasses

Controls weeds in wheat, 10.
maize, and harley 30. (3

Controls growth of grasses 200,
such as quackgrass, bermuda
grass, and some perennials

Controls broadleafweeds in ~~ 90. (3)
alfalfa, soybeans, and groundnuts

Controls annual grasss in
turf, omamental$, fruit

and vegetables

(See DCPA)

Controls mosquitoes and - 5
spiders

(See 4,4-DDD) — 5 @
(See 4,4-DDD) 2. (3) 5

Controls insects such as cut —
worms, wireworms, and maggots

on fruit, vegetables and

tobacco
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Common or
Trade Name

Pesticide

Dibromachloro-
propane (DBCP)

Nemafume
Fumazone
Nemagon

Banvel D
Banfel
Compound B
Mediben

Dicamba
Dicamba, 5-hydroxy

3,5-dichlorobenzoic

Dalapon
acid

1,2-dichloropropane Pr,oRYIe,ne

Dichloride

1,2-DCP
cis-13 Telone U
dichloropropene
trans-1,3 ((jSee Cis-1,3-
dichloropropene ichloropropene)
Dichlorprop Maizeox RK
Dichlorvos Herkol

Nogos

Nuvan

Phosvit

Vapona
Dieldrin Heod

Dielorex

Octalox
Dinoseh DNBP

Dinitro

Premerge
Diphenamid Dymid

d B%ide

Disulfoton Dysyston

Dithilodemeton

Di-syston

Ditig-systox
Disulfoton sulfone  (See Disulfoton)
Disulfoton sulfoxide (See Disulfoton)
Diuron DCMU

Karmex

Type
Soil Fumigant

Herbicide

Herbicide
(Degradate)

Herbicide

Soil Fumigant
Nematocide

((jSee cis-1,3-
ichloropropene)

Herbicide

Insecticide with
fumigant action

Insecticide
Herbicide
Herbicide

Insecticide

(Degradate)
(Degradate)
Herbicide

Principal Use

Controls nematodes on
herries, citrus, melons,
and nuts

Controls btoadleaf weeds
in maize, sorghum, grains,
and asparagus

Controls annual and perennial
broadleaf weed species in
asparaqus, cereals, grain

and maize

Controls perennial grasses
Controls nematodes in soil
(Contaminant of a registered
active ingredient)

Controls nematodes in soil
(See cis-1,3-dichloropropene)

Controls polygonum persicaria,
galium, and parine in cereals
and pastures

Controls mosquitos, flies,
aphids, and spider mites on
fuits and vegetables

Controls soil insects such as
locusts

Controls potato vines and
dessicating seed crops

Controls annual grasses and
broadleaf weeds In groundnuts,
tobacco and alfalfa

Controls insects and mites
on seeds

(See Disulfoton)
(See Disulfoton)
Controls broadleaf and

grassy weeds in wheat,
arley, and bananas

Drinking Water
Level %

Pesticide inventory

Fish & Shellfish
po/l)  Tissue (morkg)

02
1 0)

T.
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Pesticide Common or Type Principal Use Drinking Water  Fish & Shellfish

Trade Name Level Qigl) Tissue (mg/kg)
Endosulfan | Thiodan Insecticide Controls a variety of insects

Cyclodan Acaricide such as mites on cereals,

alix (Degradate) coffee, cotton, fruit,
oilseeds, potatoes, and tea,

Endosulfan Il (See Endosulfan ) (Degradate) (See Endosulfan 1) -
Endosulfan sulfate  (See Endosulfan1)  (Degradate) (See Endosulfan I) —
Endrin Nendrin Insecticide Confrols insects on cotton, 2. 03 (2

small grains, and grasshoppers
in noncrop areas

Endrin aldehyde  (See Endrin) (Degradate) (See Endrin) —

EPTC EPTAM Herhicide Controls weeds in beans, —
potatoes and maize

Ethoprop Mocap Nematocide Controls nematodes and —
Prophos Insecticide insects on hananas.
Ethoprophos cabbage, and maize
Ett&ylene dibromide  Bromofume Insecticide Controls, insects in soil and 0.05
(EDB) Nephis Is an additive in leaded
gasoline
Etréy}ene thiourea ~ ETU Breakdown product  EDBC controls fungus on roses -
(ETU) of EBDC Fungicides and other flowers, potatoes,
tomatoes, lettuce and apples
Etridiazole Koban Soil Fungicide Controls diseases of turf, —
Terrazole beans, maize, cotton, sorghum
Fenamiphos Nemacur Insecticide Controls nematodes and insects
Inemacury Nematocide on catton, groundnuts, soybeans,
vegetables and fruit
Fenamiphos sulfone (See Fenamiphos)  (Degradate) (See Fenamiphos) -
Fenamiphos sulfoxide (See Fenamiphos)  (Degradate) (See Fenamiphos) —
Fenarimol Bloc Fungicide Protects against powdery
Rimidin mildew on apples, grapés
Rubigan and roses
Fenoprop (3) 9. (3
Fluometuron Cotoron Herbicide Controls annual grasses, —
and broadleaf weeds
Fluridone Sonar Herbicide Controls annual grass and -
weeds In cotton fields
Glyphosate (4) Roundup Herbicide Nonselective broad spectrum ~ 700. (2)
herbicide used on cereals
beans and other crops (4)
alpha-HCH (See gamma-HCH) ~ (See gamma-HCH) ESee ?amma-HCH) _ —
Contaminant of a registered

active ingredient)
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Pesticide
heta-HCH
delta-HCH

gamma-HCH
(Lindane)

Heptachlor
2)

Heptachlor epoxide
@

Hexachlorobenzene

Hexazinone

Isoproturon (3)
Linuron

MCPA (3)
Mecoprop (3)
Merphos
Methiocarb

Methomyl

Methoxychlor
Methyl paraoxon

Metolachlor

Metribuzin

Metribuzin DA

Common or
Trade Name

(See gamma-HCH)

(See gamma-HCH)

amma BHC
indane

Velsicol
3-chlorochlorene

(See Heptachlor)
Anti-Carie
HCB

Velpar

Afalon

Folex
Mesurol
Draza

Lannate
Nudrin

Malate
E-600

Mintacol

Dual
Primext

Sencor
Sencorex
Lexone

(See Metribuzin)

Type

(See gamma-HCH)

(See gamma-HCH)

Insecticide

Insecticide

(Degradate)
Fungicide

Herbicide

Herbicide

Defoliant
Insecticide

Insecticide

Insecticide
Insecticide

Herbicide

Herbicide

(Degradate)

Principal Use

ESee Famma—HCH) _
Contaminant of a registered
active ingredient)

See ?amma-HCH) _
Contaminant of a registered
active ingredient)

Controls I,eafhopé)ers in

lowland rice, and beetles in
wood (is a Contaminant in a
registered active ingredient)

Controls insects on maize,
alfalfa, hay and vegetables
(1s a Contammantn a _
registered active ingredient)

(See Heptachlor)
Controls fungus on wheat

Controls selective weeds in
conifers, sugarcane,
pineapple, and pecans

Controls weeds in field maize,
carrots, celery, and potatoes

Acts as cotton defoliant

Controls insects on cherries.
and acts as a hird repellant
on cherries

Control a broad-spectrum of
insects on agricultural and
ormamental Crops

Controls insects on fruit and
shade trees

Controls a variety of insects
Controls weeds in woody
ornamentals, sunflowers

and maize

Controls grass and broadleaf
weeds in Soybeans, wheat.
barley, peas and lentils

(See Metribuzin)

Drinking Water
Level O»gll)

Pesticide inventory

Fish & Shellfish
Tissue (mg/kg)

0.4 0.3

0.2 0.3

s o~
— TS
GO

400,
0. (9

0. @)
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Pesticide Common or Type Principal Use Drinking Water FlSh&She”ﬁSh
Trade Name Level O<gll)  Tissue (mg/kg)
Metribuzin DADK  (See Metribuzin)  (Degradate) (See Metribuzin)
Metribuzin DK (See Metribuzin)  (Degradate) (See Metribuzin)
Mevinphos Phosdrin Insecticide Controls mites, beetles,
Acaricide ?rasshoppers, cutworms and
eafhopPers on a broad range
of vegetables and fruit
MDK264 Van Dyke-264 ~ Synergist Acts as a synergist for
pyrethrin, allethrin, and
rotenone
Mirex 0.1
@
Molinate Ordram Herbicide Controls 8erminating broad- 6. (3
leaves and watergraSs in rice
Napropamide Devrinol Herbicide Controls annual grasses and
broadleaf weeds
Neburon Kloben Herhicide Controls weeds and grasses —
In nursurey, ornamentals
4-Nitrophenol — Fun%icide De?_ra_date of parathion —
Breakdown product pesticides, controls a variety
of parathion of insects such as aphids and
Insecticides mosquitoes on pears
Norflurazon Zorial Herbicide Controls insects on cotton, —
Evital stone fruits, nuts, and
Solicam cranberries
Oxamyl Vydate Insecticide Controls insects, mites, and ~ 200.
DPX-1410 nematodes on crops and fruits
Pentachlorophenol  Dowicide 7 Fungicide Protects timber from fungal 200
(PCP) Insecticide rot and insects 9. (3
Defoliant
Herbicide
Pebulate Tillam Herbicide Controls annual grasses, it —
sledge, and broadleaf weeds
in su?ar beets, tobacco and
tomatoes
Pendimethalin (3) 2. (3)
Perinethrin Ambugh Insecticide Controls a broad range of 20. (3)
Perthrine Insects in cotton
Picloram Tordon Herbicide Controls broadleaf and 300.

wopdy plants in pastures
and rangeland

Prometon Gesagram Herbicide Controls perennials, —
broadleaf weeds, and grasses
Iin non-Crop areas

Prometryn Gesagard Herbicide Controls weeds in cotton —
Caparol peas, carrots, and vegetables
UNIVERSITY OF NAIROBI | IBRARV
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100 Pesticide inventory

Pesticide Common or Type Principal Use Drinking Water  Fish & Shellfish
Trade Name Level Oig/l) Tissue (mg/kg)
Pronamide Kerb Hethicide Controls weeds and grassin-~ —
lettuce, legumes, and trees
Propachlor Bexton Herbicide Controls grasses and _
Ramrod certain broadleaf weeds
Propanil Rogue Herbicide Controls weeds in rice and 20. (3)
and potatoes
Propazine Gesomil Herbicide Controls annual broadleaf
Milogard weeds and grasses in
Primatol P sorghum
Propham IPC Herhicide Controls weeds in alfalfa, _
Beet-Kleen lettuce, spinach, sugar
beets, lentils, and peas
Pyridate (3) 100. (3)
Simazine Princep Herbicide Controls annual grasses and L
Aquazine weeds in crops, especially 2. (3
Gesatop maize, and fruit such as
Weedex citrus, asparagus, and nuts
Simetiyn Gy-hon Herbicide Controls broadleaf weedsin ~ —
rice
Shrofos Gardona Insecticide Controls insects on maize, —
Tetrachlorvinphos cotton, vines, and fruit
Swep SWEP Herhicide Controls weeds on rice, —
maize, peas, and groundnuts
245-T Weedone Herbicide Controls woody plants in 9 (3
(Trichloropheno- industrial areas
xyacetic acid)
Tebuthiuron Graslan Herbicide Controls vegetative weeds in -~ —
Spike non-crop and rangeland
Terbacil Sinbar Herhicide Controls annual and perennial
weeds in sugar can, alfalfa,
apples, peaches, citrus, pecans
and mint
Terbufos Counter Insecticide Controls soil insects and —
nematodes on maize, vegetables,
and sorghum
Terbutryn |gram Herbicide Controls weeds in winter —
reban wheat and barley
Toxaphene (2) 50
245-TP Silvex Herhicide Controls weeds and brash in 50
(Trichlorophenol) rar(ljge_land, sugar cane,
andrice
Triademefon Bayleton Fungicide Controls mildew and rusts —

0n vegetables, cereals,
coffee, and fruit



Control of water pollution from agriculture

Pesticide Common or Type
Trade Name

Tricyclazole Eeam Fungicide
im
Blaseide
Trifluralin Treflan Herbicide
Vemolate Vemam Herbicide

Principal Use

Controls fungus in seeded
rice

Controls annual grasses,
weeds in SOY beans, cotton,
and vegetables

Controls broadleaf and
grassy weeds

Drinking W ater
Level 04/

20.

@)

101

Fish & Shellfish
Tissue (mg/kg)



