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1 EXECurIVE SUMMARY 

This guideline is concerned with environmental i~ues resulting from the 
production of chemical fertili7.efS. It does not cover organic fertilizers and 
environmental issues concerned with the use of fertilizers are only briefly 
mentioned. 

Fertili7.efS are plant nutrients and their production in a form av-crilable to the crop 
requires activities ranging from mining operations, through chemical processing to 
finat material handling operations. 

Plants need a number of mineral nutrient elements for good growth. The main 
plant nutrients are nitrogen (N), phosphorous (P) and potassium (K). Generally 
the elements occur in nature in a form not directly available to the crops; some 
processing is required. 

The basic raw materials are found lhroughout the world and there is a considerable 
world trade in raw materials, chemical intermediates and finished products. 

Fertilizer nitrogen originates from ammonia produced from atmospheri<: nitrogen 
and hydrogen. The hydrogen is produced from steam mainly by the use of natural 
gas. The process results in the release of carbon dioxide which can be combined 
with ammonia to prod~ce urea, a major fertilizer product. 

Ammonia can also be catalytically burned in air to nitrogen oxides which cue 
absorbed in water to give nitric acid. This acid can be reacted with ammonia to 
give ammonium nitrate, another major fertilizer product. 

The raw material for phosphate fertilizers is phosphate rock. The majority of the 
rock is reacted with sulphuric acid to produce phosphoric acid and gypsum as 
waste product. This acid can then be reacted with ammonia t.o give ammonium 
phosphates. 

Some rock is reacted with sulphuric acid or phosphoric acid to give 
superphosphates or reacted with nitric acid to nitrophosphates and calcium nitrate. 
In all cases the insoluble phosphate rock is converted to a soluble form available 
for plants. 

Sulphuric acid is mostly made from elemental sulphur. 

Potassium occurs naturally in deposits of potash (potassium chloride) in ff.,.; earth. 
It can be applied directly to the land but is usually combinerl with other 
phosphorous and/or nitrogen based fertilizers to give compound fertilizers 
containing all or some NPK nutrients. 

This guideline discusses briefly the technologies available for minimizing the 
wastes and emissions from the processes given in Figure I . Further information 
can be obtained from the publications listed in the Reference section. 

___________ .__ __ , 
' ' ---·-------

' wb\(crt~lck ' 
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A major environmental problem facing the fertilizer industry is the safe disposal of 
the phosphogypsum produced from the production of phosphoric acid by the wet 
process. The phosphogypsum contains heavy metlls and other substances which 
may be harmful to the environment if released to the sea or not properly contained 
when disposed of on land. The nitro phosphate route of production avoids this 
problem as calcium nitrate, a useful by product, is produced in place of 
phosphogypsum. 

The processes involved in the production of fertiliz.ers give off emissions 
oontaining pollutants that may contribute to global environmental problems (e.g. 
green house effects) and local environmental problems (e.g. acid rain, water 
acidification, eutrophication, chemical mistJ 

If fertilizer production facilities are to achieve the lowest environmental impact, 
both locally and globally, it is important that high standards of operation and 
maintenance are achieved, or measures taken to reduce polluting emissions will be 
less effective than designed. 

It is also necessary to monitor the emir~ons to air and discharges to water from 
the production plants. This will enable the operators of the plant to take 
corrective action if the effluents deviate from design conditions. 

The costs of pollution control measures in the fertilizer industry is difficult to 
generalise. It depends on a number of f~ctors, such as: 

• the emission target or standard to be obtained 

• type of process, other process on site, production volumes, type of raw 
materials being used, etc. 

• whether the plant is new so that the design could be optimize.d with respect to 
pollution abatement, or whether the plant is an existing one requiring •ac1d on" 
pollution abatement equipment. 

Generally, it is more economical to incorporate the pollution abatement at the 
process design stage rather than •adding on• equipment at a later stage. 

Hence, any costs included in this document are indicative. An environmental 
impact assessment should be made as part of the feasibility study for any fertilizer 
production project. 
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2 SULPHURIC ACID PRODUCTION 

l.1 Summary 

Double contact plants with high efficiency mist eliminators and no further 
abatement are recommended for the production of sulphuric acid for use in 
fertilizer production. 

l.l lntrodudion 

Many processes of sulphuric acid production have been developed according to the 
large number of sources of raw materials available. This guideline discusses 
mainly production of sulphuric acid from demental sulphur by the contact process. 

1.3 Manufacturing Proas 

Process Description 

Sulphuric acid for use in fertilizer production is usually produced from elemental 
sulphur by the contact process. The sulphur is burned in air to give sulphur 
dioxide (S~, which is catalytically converted to sulphur trioxide (S01) by 
reaction with excess oxygen and the sulphur trioxide is absorbed in concentrated 
sulphuric acid. The reactions are as follows: 

SOi 

2S~ -

(i) + heat 

(ii) 

(iii) 

There are two basic contact processes, single absorption and double absorption. 

In single absorption plants the SC>i is absorbed at the end of the process. For 
double absorption SC>i is absorbed at two stages in the process, this allows a much 
higher sulphur usage efficiency to be obtained. 

Sulphuric acid is also produced from S02 released from the roasting of sulphide 
ores, pyrite roasting and other sources. 

Process Flow Dia&ram 

Simplified process flow diagram~ for single and double absorption plants are given 
in Figures 2 and 3. 

F.conomic Factors in Process SelectiQ!l 

Sulphuric acid production from elemental sulphur produces a large energy surplus 
in the form of high pres~ure steam. This steam can ~ ,used to generate electricity 
or be utilised to run plant equipment. 



UNIDO/World BanklUNEP Now:mber 1993 

Sulphuric acid plants are generally built in conjunction with wet process 
phosphoric acid plants, where the steam can be effectively used to concentrate the 
phosphoric acid. 

The economics of the proc:us are gR2tly affected if the Sleam produced cannot be 
efficiently utilised. 

•m ... 

ICClllW1RI 

l\SSI cmmr 

' ' 

Figure 2, Single Absorption Sulphuric Acid Plant 
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Environmental Factors in Process Selection 

So far as environmental emissions are concerned the double absorption process is 
preferred as it produces sulphur dioxide emissions one quarter of those of the 
single absorption process. 

Where sulphuric acid is imponed for fertilizer production, that produced from 
elemental sulphur, as opposed to roaster acid, is preferred as the latter may be 
rontaminated by heavy metals. 

Primary Raw Materials 

Elemental sulphur is the preferred basic raw material. The sulphur supply is 
increasingly coming from sulphur recovery from oil and gas processes. It may 
also be produced from mining operations. Sulphur is traded world wide in liquid 
and solid form. 

Water. Raw Material and Eneriy Usue 

The production of l toMe of 100% sulphuric acid require 0.33 tonne of sulphur 
and produces up to 1.8 tonne of high pressure steam. 

Process water is required to control the acid strength after S03 absorption and 
demineralised water is required for boiler feed. 

Water may also be required for acid cooling duties, the amount required varies 
widely w!th the type of heat exchanger used. On some plants air cooling is used. 

2.4 Waste Characterisation and Impacts 

Atmospheric Emissions 

The process has two emissions to atmosphere, sulphur dioxide and acid mist both 
being released with the waste gas from the final absorber tower. 

Solid Wastes 

Solid wastes containing vanadium result from the handling of catalyst from the 
converter. It is produced when the catalyst is renewed or screened to remove 
accumulated dust. If raw materials other than sulphur are used, such as pyrites, 
significant quantities of solid wastes may occur. 

Liguid Wastes 

Apart from boiler blow downs and water treatment plant regeneration this process 
does not produce liquid effluent as long as the basic raw material is elemental 
sulphur. 

7 
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Contaminants of Concern 

The elemental sulphur process for the production of sulphuric acid does not 
produce any contamination of the acid. 

Environmental Impacts 

Sulphur dioxide and acid mist released to the atmosphere contribute to local ar.d 
regional acidification of the atmosphere giving rise to acid rain. 

There is little impact on local ground waters provided any leaks are collected and 
returned to the process. 

2.5 Pollution Prevention and Control 

Source Reduction 

Sulphur of low ash content will produce less catalyst screening and hence less 
solid waste. Pre-filtration of the sulphur may be necessary and the installation of 
a hot gas filter before the converter will reduce catalyst screening. 

Bright sulphur is preferred to dark sulphur as the latter contains organic materials 
which result in the production of acid mist in the process which is difficult to 
remove from the stack gas. 

Hazardous Materials Handline. Mana,ement and Disposal 

Sulphuric acid is normally stored in mild steel tanks at 96% strength. The tanks 
should be appropriately bunded to control any inadvertent release. 

The catalyst used in the process contains toxic vanadium salts. Precautions should 
be taken to avoid breathing the dust during handling and any catalyst or dust 
should be disposed of safely to a suitable land fill. 

Treatment Technoloey 

The best available technology for sulphuric acid production is the double 
absorption process with high efficiency mist elimina10rs after the final absorption. 
The effect of acid emi~sions on the local environment can be mitigated by the 
height of the discharge stack. 

For the upgrading of existing facilities based on single absorption, three options 
exist: 1) conversion to double absorption; 2) enhancing conversion rates by 
switching to a cesium-type catalyst; and 3) addition of alkaline tail gas scrubbing. 

All the above options entail investment costs above US$5 million. The tail gas 
scrubber is the least investment i,itensive option, but generates a liquid effluent 
that needs to be taken care of. The other two options would increase the efficiency 
of operation but hardly to an extent of being justifiable on economic grounds 
ak'"e. In comparison, a 1000 tpd double absorbtion plant would cost new 

'' 

8 
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approximately 26m USS. 

2.6 Occupational Health and Safety mues 

SOx and sulphuric acid mist are highly irritating to the respiratory tract. The acid 
itself is extremely corrosive to all tissues. Goggles and full protective clothing 
should be worn when handling the acid. Eye wash bottles and showers should be 
provided at strategic places throughout the plant. 

2. 7 GIObat Overview of Imcharge Requi.nmeots 

The emission guidelines for sulphuric acid plants in various countries for SC>z, S~ 
and acid mist are given in Table I. 

Table I Sulphuric Acid Plants Em&ion Guidelines 

CounlQ' 

Denmark 5 kg/t HiSQ, (I) 0.5 kg/t HiSO. (I) 

Germany 91.5-99.5 sulphur conversion ~120 mg/m, (4) 

Greece 

Spain 

France 

rate (4) 

6 kg/t H~O. (I) 
IO kg/t HiSQ, (5600 
mg/Nm'} (2) 

1425 mg/m' (2) 
2850 mg/ms (I) 
1425 mg/ms (3) 

6 kg/t H:zSQ, (7) 

0.5 kg/t H:zSO, (I) 
0.8 kg/t H:zSO. (2) (6) 

500 mg/m, (2) 

300 mglm' (I) 
150 mglm' (3) 

0.5 kg/t HiSQ, (7) 

UK Sulphur as SOi + SO, not to exceed 0.5~ sulphur burned 

India 

Thailand 

Tunisia 

Turkey 

Jordan 

Mexico 

USA 

4 kg/t H:zSQ, 

500 ppm 

13 kg/t HiSO. (8) 
2 kg/t H~O. (9) 

2 kg/t H~O, 

3-28 kg/t H:zSO, 

2 kg/t H:zSQ, 

(I) New plant5 
(2) Existing plants 
(3) Plants built after 1980 

35 mglm' 

I.S kg/t HiSQ. (8) 
72 git H:zSQ, 

O.S kg/t HiSO. 

15 git H~O. 

(4) Depending on sol content in raw ps and its variability 
(S) No limitation 
(6) H~o. mi11t 

Acid Mist 

615 mg/Nm' 

50 mglm' 

35 mgtm' 

(7) TheK figures are not official or national emiuion limits; they are used as guide values by licensing 
authorities during registration procedure! 

(8) Single ah50rption 
(9) Double ahAOrption 

9 
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2.8 Target/Pref erred Guidelines 

Targets related to 99 .5 ~ sulphur recovery in the process are to be preferred as 
these can be achieved by double contact plants with mist elimination after 
absorption without further abatement. This will give a release of 3.3 kg SC>;tonne 
100% HiS04• 

2.9 Monitoring Requirements 

For plant control and monitoring purposes the SC>i in the stack gas should be 
continuously monitored, displayed and recorded to enable the conversion to be 
controlled. Acid mist and SC>i slip from the final absorber demister should be 
measured weekly to optimise absorbtion efficiencies and detect any problems. 

' 10 I 
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3 PHOSPHORIC ACID 

3.1 Summary 

The manufacture of phosphoric acid results in the production of large amounts of 
phosphogypsum. If the phosphogypsum is stored on land considerable costs are 
involved in the efficient management of the stock pile if environmental problems 
are to be avoided. Management of the phosphogypsum deposits may also be 
required for many years after dle phosphoric acid plant has ceased production, 
with additional treatment of run-off waters. 

Where phosphogypsum is discharged to water, the wlnerability of the receptor 
waters should be checked for lhc life of the plant. 

3.1 Introduction 

The great majority (about 7011 of total) of all fertilizer P20 5 is derived from wet
process phosphoric acid. 

3.3 Manufacturing~ 

Process Description 

Phosphoric acid for fertifu.er production is produced by the wet process from the 
reaction of sulphuric acid with phosphate rock concentrate. The reaction is given 
below. 

-
Calcium sulphate is of low solubility and is removed by vacuum filtration. It can 
be precipitated as the dihydrate (gypsum) or the hemihydrate dependent on the 
reaction conditions. This gives rise to two basic processes, the dihydrate (DH) or 
hemihydrate process(HH). The DH process produces acid of 30~ concentration 
as P20 5, and the HH of 40-50~ conc.entration. In the production of fertilizers, 
phosphoric acid in the range 42-50~ concentration is requiral, hence in the DH 
proces~. the acid must be funtter concentrated. Both HH and DH have a 
phosphorous recovery efficiency of 94-96~. 

There is also a HDH process and a DHH process. Both offer specific 
advantageous over the basic process. 

Rock concentrate is produced from naturally occurring phosphate ore by the 
removal of sand, clay, limestone and other materials by beneficiation. The 
beneticiation process may range from a crude dry screening process to a very 
sophisticated process involving. washing, wet screening, flotation, magnetic 
separation, centrifugation, filtration, calcination, settling/decantation and drying. 

' '11 
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Process Flow Diagram 

Simplified process flow diagrams for the DH cllld HDH process are given in 
Figures 4 and 5. 

Economic Factors in Proa;ss Selection 

DH phosphoric acid plants are usually built in oonjunction with sulphuric acid 
plants to take advantage of the steam production from the sulphuric acid plant to 
ooncentrate the product phosphoric acid. 

If energy is not available to concentrate the acid, then the HH or HDH process 
may prove more economical as a more ooncentrataf acid is produced. The HOH 
process is also more efficient in phosphate recovery. 

Environmental Factors in Process Selection 

In the HOH process there will be less phosphate in the phosphogypsum due to the 
higher conversion efficiency. 

Primacy Raw Materials 

The basic raw materials for phosphoric acid production are phosphate rock 
concentrate and sulphuric acid. 

Deposits of phosphate ore containing 15-30% PPs are found throughout the world 
with major deposits in North America, Morocco, China and the former USSR. 
Phosphate ore is mainly recovered by surfac.e mining techniques followed by a 
concentration process, beneficiation, to produc.e a concentrate suitable for acid 
production. 

Water. Raw Material and Eneriy Usage. 

Fresh water is required for the process. It is generally introduced on the final 
filtration stage. The filtrate is returned to the process via primary filtration stages. 

The make up water required for this process is about 7-10 tonne per tonne PPs 
produced and includes rain water. 

The phosphogypsum can be slurried up with water and pumped to lagoons. The 
water collected after settling is returned to the process. For some plants the slurry 
is pumped into the sea or estuary requiring additional water. 

There are benefits when the DH proc.ess is carried out with co-production of 
sulphuric acid. The high pressure steam from the acid production can be used to 
produce electricity and the low pressure pass out steam used for phosphoric acid 
vacuum concentration. This reduces the amount of fossil fuel that would 
otherwise be required to produce steam and electricity. 

12 
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The waste from the beneficiation process is mixed with water and transported to 
settling lagoons. The water is rc:cin:ulated but a net consumption of 7 tonne of 
water per tonne of concentrate is n:quired for the beneficiation process. 

13 
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Phosphoric Acid HDH Proc~ 

3.4 Waste Characterkation and Impacts 

Atmospheric Emissions 

The process produces fluoride emissions in the fonn of silicon tetrafluoride or 
hydrogen fluoride. Tiie amounts vary with the source of the rock ~nd process 
conditions. 

Solid Wastes 

When phosphate ore is mined, up to S tonne of solid waste per tonne of rock 
concentrate can be produced. 

14 
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Approximately 5 tonne of phosphogypsum is made per tonne of phosphoric acid 
produced {as P20s)- This waste contains part of the trace elements in the rock, 
including cadmium and some radioactive elements. The concentration depends on 
the type of process and rock composition. Other solid wastes are produced during 
plant cleaning from scale deposits and deposits of gypsum in storage tanks. 
Sludges will result from lime neutralii.ation of recirculated process water if this is 
practiced. 

Liguid Wastes 

In most cases the water used to transport phosphogypsum to storage is recirculated 
back to the process. The maintenance of a water balance in the plant is of great 
importance in plant operation. The details of which will depend of plant location 
and type of process. 

The phosphogypsum stacks will require treatment of the run off water for several 
years after the acid plant has ceased production. 

In other cases slurried gypsum is pumped into the sea or river. 

Fugitive Emissions 

Dust can be released to the atmosphere from mining and handling operations of 
phosphate ore and concentrate. 

Contaminants of Concern 

All phosphate ore contains traces of radioactive elements and a number of metals 
which are being studied in relation to the health of people and the environment, 
see Tables 2 and 3. During processing these are partitioned between (1) 
beneficiation process wastes, (2) the waste from the further processing into 
intermediate and finished fertilizer products, and (3) some end up in the final 
product. 

Table 2 Approximate Radioactivity of Selected Phosphate Materials 
and Background Soil 

Material 

Pho!irhate Conantrar ... • 
Sedimentary ori~in 
l~neou~ on~in 

Pho!iphogvp~umb 

Central Florida 

Background Soil 

Radioactive Element 

U-238 (pCilg) RA·226 (pCitg) 

40 
2 

3 

0.3 

38 
1·2 

31 

o.s 

a. Sour.: ... : Economic Cornmission for Europe and FADINAP/ESC AP 
h. Sourc ... : Beri1'h, Prnc<'edm~~ of the Third International Sympo~111m on Phn!ipho11yp~um 

15 
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The cadmium level in product fertilizers is increasingly causing concern. This 
may influence the choice of phosphate rock used i~ the process. Phosphate rock 
from volcanic sources contains very little cadmium whereas sedimentary sources 
contain widely varying amounts. 

Environmental Impacts 

Phosphate mining and beneficiation operations req'1ire large areas of land and 
depending upon a number of site-specific factors, may affect the environme.,t to 
varying degrees in one or more of the following ways: 

• Topography changes including the loss of aesthetic value, soil fertility, and 
soil moisture-holding capacity. 

• Loss of natural plant and wildlife habitat. 

• Loss of recreational, historical, and archaeological values. 

• Disturbance of shallow aquifers. 

• Contamination of surface and groundwater resources caused by the 
intrusion of contaminated water from mine sites and phosphate clay and 
sand tailings disposal sites. 

• Temporary depletion of groundwater resources due to extraction of water 
used for processing. 

• Erosion caused by wind and water. 

• Concentration and/or escape of radionuclides that may be harmful to human 
health. 

• Atmospheric contamination due to exhaust fumes and noise from mining/ 
reclamation equipment. 

For phosphogypsum disposal on land, the disposal site should preferably be lined 
to prevent leakage of contaminated wastewater to the groundwater, with 
monitoring wells at strategic positions around the site. Any excess flow of 
contaminated water should be neutralized by liming before being released. 

Upon closure of a gypsum stack, the stack should be covered by a liner to prevent 
additional runoff of contaminated water caused by rainfall. 

Where phosphogypsum is discharged to the sea or estuary the environmental 
impact will depend to a great extent on the actual location of the plant. For 
example the environmental effect on land locked waters may be greater than 
disposal at sea. 
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Table 3 Summary of Potentially Hazardous FJements in Selected 
Phosphate Concentrations 

Element" 
Phosphate Concentrate 

As Cd Cr Hg Pb Se v 
(ppm) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) 

SftlintDtlarv Orirf.n 

Israel (Arad) 4-7 12-17 
(S.5) (14) (130) (480) (2) (3) (203) 

Jordan (El Hassa) S-12 3-12 S0-127 60-81 
(8) (S) (92) (2) (3) (70) 

Morocco (Khouribga) I0-2S 3-27 188-212 1-S 
(13) (IS) (200) (100) (10) (4) (106) 

Morocco (Youssoufia) 4-19 21-22 
(10) (15) (21-7) 

Senegal (T aiba) 4-28 60-1 IS 2-10 237-810 
(17) (87) (140) (8) (S) (S24) 

Togo 8-14 48-57 8-9 
(10) (SS) (101) (600) (8.3) (S) (60) 

Tunisia 54 30-56 
(4.S) (40) (144) (4) (9) (27) 

United States (Central 4-2S 3-20 37-100 2S-200 9-SS 2.S-3 70-160 
Aorida) 01) (9) (60) (171) (17) (2.8) (108) 

United States (North 3-10 62-SB 10-13 98-109 
Aorida) (7) (S) (6S) (12) (102) 

United States (North 7-13 20-Sl 129-197 85400 3-20 19-32 
Carolina) (II) (38) (IS8) (261) (8) (S) (26) 

United States (Westem 14-40 40-ISO 330-1000 S-16 4-13 300-1737 
Deposits) (24) (92) (S37) (SOO) (12) (9) (769) 

lr..n~ous Orirf.n 

Republic of South Africa S-27 1-1.6 
(Phalahorwa) (13) (l.3) (I) (11) (4) (6) 

Former Soviet Union 0.3-2 
(Kola) (10) (1.2) (33) 

a. Values in parentheses O indicate average concentration of element based on indicated range. A 
dash (-) indiealeS lack of suffirient data. 

3.5 Pollution Prevention and Contro' 

Source Reduction 

The amount of waste can be minimised to an extent by the careful choice of rock 
source and process, to achieve a high efficiency of phosphate recovery. 

The release of waste water from the transportation of wastes from the beneficiation 
I I 
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process can be minimised by the careful containment of the storage site. 

Recyclin& and/or By-Product Recovecy 

The recycling of water from the process will also reduce the amount put into water 
courses as will a high level of maintenance of the water balance of the plant. 

The phosphogypsum can be processe.d and used to make construction materials or 
conve&ted to sulphuric acid and other useful products. Unfortunately the p~ 
are at present rarely economic. 

The fluoride in the waste gases produced in the process can be scrubbed out with 
water to produce hexafluorosilicic acid. This can be sold to a limited market, 
otherwise the wash waters are returned to the process and discharged with the 
phosphogypsum. 

Haz.ardous Materials Handlin&. Manuement and Disposal 

Phosphoric acid is highly corrosive to mild steel. Much of the plant is fabricated 
using stainless steel, rubber lined mild steel, or plastic pipes and vessels. 

Storage tanks should be appropriately bonded. 

Treatment Technolo&ies 

Gaseous contaminants are removed by scrubbing the waste gases with water. 
Treatment to reduce acidity and remove fluorides from seepage water from 
phosphogypsum stacks is achieved hy two stage lime treatment. Such treatment 
will be required a considerable time after plant and stack closure. 

There are at present no commercial processes for the removal of cadmium from 
phosphoric acid, but extensive research is presently being carried out in view of 
the stricter regulations/requirements on cadmium emissions. 

Capital and O & M Costs 

The battery limit cost of a new 1000 tpd (P20s) HDH phosphoric acid plant is of 
the order of 75m USS. 

To convert a similar sized DH process acid plant to HDH process would cost 
approximately 34m USS. 

Reporte.cl co~ts for reclamation on mined-out land as practised in Florida, USA, 
range from about US $ 5000/ha to US $25000/ha depenJing upon the site, desired 
end use, and the method used to manage the surface water. This represents a cost 
of reclamation per tonne of P20s in the range of about US $1-$5. 

The ,cost of liming recirculated process water to pH 3.5 in typical US phosphoric 
acid 'plant is US $ 70 per tonne P20s. 

' 
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The cost of building a new gypsum stack with a single bottom line', with a 20-
year life for a production of 3 million tonnes of gypsum per year, is about US S 
20 million. 

The cost of closing a gypsum stack is site dependent, but a recent closure in US 
cost US $ 5 .5 million. Another has been estimated to cost US S 18 million. 

3.6 Ottupational Heahh and Safety Ismes 

Phosphate rock dust, fluorides, acid and radioactive elements are the main health 
haza.rds in a phosphorous acid plant. Good ventilation is required both during 
normal operation and maintenance to prevent accumulation of fluoridated gases 
and radon. Dust masks should be worn where there is a high level of rock dust. 

Sulphuric and phosphoric acids are corrosive to tissue therefore protective clothing 
and goggles should be worn when handling the acids. Eye wash bottles and 
showers should be provided at strategic places throughout the plant. 

The radioactive components of the rock are concentrated to a degri.!C in various 
parts of the plant during processing, particularly during vacuum filtration. A high 
level of hygiene should be observed when maintenance is carried out in these parts 
of the plant and when disposing scale to avoid ingestion of radioactive elements. 

3. 7 Global Overview of Discharge Requirements 

The discharge guidelines given in Tables 8 and 9 in the appendix, are a 
compilation of emission and discharge levels for the phosphate indusll)'. 

They may reflect local conditions, e.g. the vulnerability of the receptor waters. 
Such factors should also be taken into account when a process is evaluated. 

3.8 TargetiPreferred Guidelines 

The target guidelines for phosphoric acid production will depend on the process, 
the rock source, the site and type of receptor water for effluent. The water 
balance of the plant will also play a major rote in the determination of what targets 
for effluent discharges can be set. 

As regards fluoride emissions to air from phosphoric acid plant, the recommended 
target should be 10 g F per tonne P205• 

The preferred guidelines would be those in Table 9 of the appendix relating to US 
values. 

For phosphogypsum disposal to the sea, the North Sea Declaration of 1990 calls 
for a 70% reduction of cadmium to the North Sea by 1995 on a 1985 baseline, 
and a further reduction has been targeted to 90% by the year 2000 based on 1985. 
The target set for plants around the North Sea is 0.5 g cadmium per tonne of 
gypsum disposed to the sea, and this can serve as guidance also elsewhere. 

' 
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3.9 Monitoring Requirements 

Fluoride emissions to atmosphere should be measured daily. 

For phosphogypsum storage on land, typical monitoring parameters and 
frequencies for the discharge of wastewater are (from Florida, USA): 

flow 
pH 
p 
sulphate 
gross alpha particle activity -
non-ioniud ammonia 
fluorides 
specific conductance 
dissolved oxygen 
groundwater quality 

continuous 
continuous 
2/week 
monthly 
monthly 
daily 
daily 
daily 
daily 
quarterly 

For phosphogypsum disposal to sea, cadmium is typically monitored on a weekly 
basis. 

' 20 
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4 AMMONIA PRODUCflON 

4.1 Summary 

New gas heated reforming technology based on natural gas is recommended for 
ammonia production. This technology secure low energy use and minimal 
emissions to the environment . 
. 

4.2 Introduction 

Ammonia is produced by the iron catalyzed synthesis of elemental hydrogen and 
nitrogen at high pressure and elevated temperature. The hydrogen source is 
hydrocarbons and water while nitrogen comes from air. 

4.3 Manufacturing~ 

Processin& Description 

The majority of plants (about 90%) use steam reforming of natural gas or other 
light hydrocarbons (LPG), followed by carbon monoxide shift sections to produce 
a stoichiometric mixture of hydrogen and nitrogen which are combined to 
ammonia. Simplified reactions are as follows: 

2 CH4 + 1h 0 1 + H20 -
CO + H20 -
N2 + 3 H2 -

2 CO + 5 H~ 
COz + H2 
2 NH3 

Carbon in the feedstock is transformed into and recovered as carbon dioxide and 
can be used either to produce urea or other byproducts or vented to the 
atmosphere. 

A few plants use heavy fuel oil or coal as feedstock and are based on partial 
oxidation or gasification non~talytic technology and shift reactions to produce the 
mixture of hydrogen and nitrogen. 

In steam reforming plants the front end pressure is normally between 25-35 bars 
while the synthesis loop is at 80-270 bars, depending on age of plant and local 
optimization. Modem ammonia production plants are characterized by extensive 
heat integration and energy recovery to obtain good efficiency. 

Process Flow Dia&rams 

Figures 6 and 7 give simplified block flow diagrams for ammonia production by 
steam reforming and partial oxidation. 

Economic Factors in Process Selection 

Energy costs (hydrocarbon based) are the most important factor in process design 
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and selection. Ammonia plants can be designed to be energy balanced, but 
typically a small steam export and electric power import is the case for steam 
reforming plants. Partial oxidation plants have a net energy consumption (steam 
and/or electricity) due to a need for air separation, 0 2 and N2 turbo compressors, 
etc .. 

To obtain good economy of scale, plants should have capacities in the range 1500-
1800 tpd. 

capital costs are typically higher for partial oxidation plants compared to steam 
reforming plants because of the more complex infrastructure needed for partial 
oxidation. 
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Figure 6 Ammonia from Natural Gas 

Environmental Factors in Process Selection 

Modem steam reforming plants can be designed with very low emissions to the 
surroundings. Small quantities of NO, and SO, are emitted from the reforming 
section depending on fuel used and burner design. Carbon dioxide is vented to the 
atmosphere and is directly related to the energy efficiency of the plant. 

Generally, air emissions from plants based on partial oxidation of heavy fuel oi: 
give higher emissions unless special precautions are taken. 
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Primary Raw Materials 

Ammonia plants use hydrocarbons (natural gas mainly), water and air as basic raw 
materials. Partial oxidation plants can utili7.C sulphur rich high viscosity residues 
from refineries. 

Water. Raw Material and Enemy Use 

Ammonia plants need water as a process raw material and in some cases it is also 
used for cooling duties. Demineralized water is used for process and steam drum 
feed. Cooling towers are used in some locations. An extensive utility system is 
normally associated with ammonia plants for energy recovery and conversion into 
mechanical energy or electric power by use of turbines. 

Typical energy use, including raw materials, for modern ammonia plant is 30-35 
GJ/tonne ammonia. 
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4.4 Wti1e Ouaraderisation and lmpac:ts 

Atmospheric Emissions 

The main emission to the atmosphere is calbon dioxide and small quantities of 
nitrogen and sulphur oxides. Typically a modem str:am refonning plant generates 
2.2 tonnes of carbon dioxide per tonne of ammonia, while the NO. emission (as 
NOJ is less than 1.0 kg per tonne of ammonia. The sulphur oxide emission is 
normally low, typically less than 0.2 kg (as SC>z) per tonne of ammonia. but 
de1Jends on fuel used. The caJbon dioxide genental is often used in the production 
of urea. 

In comparison, a i)Ulial oxidation plant typically emits 2. 7 tonnes C02, 1.8 kg 
NOll and 3 kg SOi per tonne of ammonia. The major part of these emissions 
comes from auxiliary boilers and sulphur ra:overy in Claus plant. 

Waste Water 

Modern steam reforming plants recycle process condensate and hence give no 
waste except from boiler blowdown, boiler water treatment and cooling water with 
low environmental effects. 

Partial oxidation processes generate waste water which is mechanically, chemically 
and biologically treated in integrated and ccnttal plants. The degree of treatment 
needed is mainly dependent on the raw mataial used. 

Solid Wastes 

The steam reforming process contains 8-9 different catalytic steps and the catalysts 
are replaced after every 2-6 years in service. Partial oxidat~on plants use typically 
2-3 different catalysts. 

Most of the catalyst can be recycled to catalyst manufacturers or other metal 
handling firms for reclamation of valuable metals. The other catalysts can be used 
by other companies for various purposes. 

Resins are used in the boiler water treatment plant and these have to be replaced 
periodically. They can be taken back to the supplier. , 

Haµrdous Wastes 

' 

Spent catalyst may contain oxides of hexavalent chromium, zinc, iron and nickel. 
They are returned to the manufacturer or other metal rerovery companies. The 
carbon dioxide removal stage can use potassium hydroxide solutions containing 
activators, aqueous amine solutions or other chemicals. The solutions are 
regenerated in the plant releasing carbon dioxide. ' 
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Fugitive Emis.Wns 

Minor amounts of light hydrocarbons. ammonia, hydrogen. carbon oxides may be 
released due to leaks from flanges, stuffing boxes, during maintenance operations 
etc. Catalyst hand.ling and chemicals used in water treatment may also cause 
minor releases. 

Contaminants of Concern 

No contaminants of concern are present in the product ammonia. 

F.nvironmental Impacts 

Carbon dioxide is a green house gas and oxides of nitrogen and sulphur contribute 
to acid rain. The emissions are, however, low compared to other sources. In the 
aquatic environment. ammonia ooncentrations of 1,25 mg/I is harmful for fish. 

4.5 Pollution Pre.mtion and Control 

Source Reduction 

Atmospheric emissions (mainly carbon dioxide and nitrogen oxides) can be 
minimized by lowering plant energy use, but margins are small. 

Recycling and By-Product Recovea 

Spent catalysts should be recycled for metal reclamation or disposed of for other 
purposes. 

ffanrdous Materials Handling. Management and Disposal 

Ammonia is stored, transported and handled in sealed tanks with proper materials 
and instruction guidelines. Catalyst disposal and handling should likewise be 
handled properly. 

Treatment Technologies 

New ammonia plants can achieve satisfactory emissions without abatement of fuel 
gases from reformer section, which is the main source of emissions. Partial 
oxidation plants need treatment of both gaseous and liquid discharges as described 
earlier. 

4.6 Occupational Ht.ahh and Safety Issues 

' 

Ammonia is toxic and is normally stored at -33 C in sealed tanks with proper, 
safety installations. For smaller storages pressure tanks are being used. Leak's of 
gas mixtures containing hydrogen from plant can self-ignite and may cause fire or 
explosions. Proper safety installations arc required. ' 
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Eye wash bottles and showers should be provided at strategic points on the plant. 
Operators should be provided with a high I~ of training and instructions to 
obtain required safety standards. Proper management guidelines and procedures 
are also important. 

4. 7 Global Overview of Discharge Requilemeots 

Air emissions from ammonia plant in Europe arc not in general specified. 
However, due to their high thcnnaJ input, Sl3ndards applied to combustion 
pr0cesses are taken into account in catain alUJltrics. Examples of such standards 
are given in Tables 4 and 5. 

Table 4 Emimoo Limit Values Applied in the Ndhttlands for New and 
Existing Combuslioa Planls 

Type of Plant 

New. JOO MW or mou 

-Coal 
- Gas e Refinery gas 

e Natural gas 
• Oxygas 
e Blast-furnace gas 
e Colte-oven ias 

New. below JOO MW 

-Coal 
- Oil 

- Gas 

Existing. JOO MW or mor~ 

- Coal 
- Oil 
-Gas 

Exi.rring. Mlow 3()() MW 

- Coal in electrir. pow~r st;ition 
max. sulphur cont. 

-Oil 
-Ga~ 

Otsu~ 11 Ira IS'I 

SO. (mglm') 

40() I 

35 

35 
200 
BOO 

700 
1700 

NOx (mglm') 

I00/400 l 
) 

) 
) 3SOl200: 
) 
) 

I00/500: 
4S0/300 !.J 

same as limi1s for "New, JOO MW or more• 

400u 
400 1.1 

same as "New" 11 

0.8~ 
1700 i: 
sanw as "New" 11 

1000. 
700° 
500 IO 

700 •.• 
500 IO 

Fltll rcu~ ii licacc' s-4 beforr 1-1-1991, __, r.-: ii,.....,.*" 1_..19 .. 

Oll5t (mglm') 

so J 

) 
) 20 
) 

50' 

same as •New• 11 

same as "New• 11 

Corilucioa -U d pnxat fla.-u; - al tllr .c; ~ wta N~ d oil ii._ O.J'I 

.. 
" 

ec ... ._..-.... d ,__ hl.-u wi* 1apec11o a...c CPw-1 ,,_.;a.;_........,. N~ d oil ii 
......,. 0 )'I 
!Undwiddl lo 10 .,.,,,.. 

Witb ttT«t from l-12-1911'Hor .,._.. opc'1llils fllkr 1994 or 1999;. lo .... lilllr ..a . ......, _Gl'I 
Willl rlfrct from 1·11-19119 far.,._.. oprrlllillc afttr 19N; adlt""is 1700111CI_. 
A• II l·l-19'9 llill ill-"'' 10.000lln. 111r- for ,...,trird .... l.IOOms'-'; ...... lo IOO .. lm' 
A• II 1-1-19119 d llill ii Ult for IO,lm ........ lo .aso .. , ... 
Samt, blndwiddl 1n lSO mc'm' 
A• II l·l·l._A 
At 111 l-6-19A7 
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Table 5 F.mmion Limit Values for Combustion lnstallatiom lncludin& Chemical 
Reactors in the Federal Republic of Germany 

Pollutant Type of Pl:.al 

Solid fucl imullalioas > SO MW 
Existing lignite 
Coal 
Liquid fuel iasWlatiom < SO MW 

a.. Solid Flld ltutal'4ti0ft.J: 

New: > SO < 100 MW 
Except fluidised 
> 100 <JOO MW 
ExcqM fluidised 
>JOO MW 

Existing: > SO < 100 MW 

b. Li@UI Fwl l1U1allations: 

New: > SOMW 
> IOOMW 
>JOO MW 

faisting: As for solid tu.els 
c. Gau-O&J Fwl llUlallarions: 

> IOOMW 

a. Solid F11rl llUlnllations > 5IJ MW: 
Noew: 

Eitistmg: 

Except pulvcris.ed coal/wd ash 
( > SOMW 

>JOO MW 

Eitcept pulveri~d coal 
Wet ash 
Dry ash 
( > SOMW 
Pulverised coal/wet ash 
(>JOO MW 

b. Ligllid Fiul Installations > 50 MW: 
New: 

E"i"tin)!: 

< > SOMW 
>JOO MW 

I> 50MW 
>JOO MW 

c. Gauou.f F ut'I /n.ftallntions > /fXJ MW: 

New: 

Exi~tin)!: 

< > 100 MW 
>JOO MW 

( > 100 MW 
>JOO MW 

Limit value 

SO mg!Nm' 
80 mg/Nm' 
12S mg/Nm' 
SO mg/Nm' 

2000 mg/Nm' 
400mVffm' 

2000mVffm' 
400 mVffm' 
400 mg/Nm' 

2SOO mgtNm' until 1993. then same 

limits ilS for new plaolS 

1700 mg/Nm' 
1700 mg/Nm' 
400 mg/Nm' 

35 mg/Nm' 

800 mg!Nm' 
1800 mpNm' 
400mVffm' 
200 mg/Nm') 1 

IOOO mg/Nm' 

2000 mg/Nm' 
1300 mg/Nm1 

6SO mg!Nm1
) 

1 

IJOO mg/Nm' 
200 mg/Nm') ·~ 

4SO m~/Nm1 

JOO mg/Nm' 
150 mg/Nm') 1 

700 mgtNm' 

450 m~/Nm' 
150 mg/Nm') ' 

JSO m)!/Nm' 
200 m)!!Nm' 
100 mg/Nm') ' 
500 mg!Nm' 
J50 mg/Nm1 

100 mg/Nm') u 

f1)!11re" in bracket~ required hy the Environment.al :M1n1"tcr of the Federal Stites of Germany 
for 11nl11n1red hfetnnc 
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4.1 Target/Pref en-eel Guidelines 

Modern, gas hcattJd reformer plants, can achieve low energy consumption (29-30 
GJ/IOnllC ammonia) and hence low carbon dioxide emissions and virtually no N011 

emissions. 

4.9 Monitoring Requirements 

The reformer stages, and the gasification getterator. auxiliary boilers and sulphur 
rcCovay units in partial oxidation plants should be monitored for NOx and SOx. 
The monitoring frequency depends on local conditions. 
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5 NITRIC ACID PRODUCI10N 

5.1 Summary 

For maximum process efficiency and minimisation of NOx emission, large 
dual/high pressure plants ,.ithout abatement on the mt gas are R:COmmended. 

Where small production plants are required, the medium pressure process with 
SCR may be economically compm:d to the high pressure plant with similar NOx 
em"issions. 

5.2 Introduction 

This guideline covers the production of medium ooncentration or •weat• nitric 
acid as used in the fertiliur industry. 

5.3 Manufacturing Pncess 

Nitric acid is produced for fertili7.er manufacture in the range of 50-6S ~ 
concentration. Ammonia (NHi) is vaporised, mixed with air and burned over a 
platinum/rhodium gall7.C catalyst to produce nitric oxide (NO). The nitric oxide is 
oxidised to nitrogen dioxide (N<>z) and the nitrogen dioxide is absorbed in water to 
produce nitric acid. The reactions are as follows: 

4NO +6H,O + Heat 

2NO + 0i 2NO, 

3NC>i +HP NO + 2HN<Ji 

The efficiency of the ammonia oxidation stage is favoured by low pressures and 
the heat produced by the reaction is utilised to pre-heat waste gas and produce 
high pressure super heated steam. The oxidation of nitric oxide and the absorption 
in water is maximiud by high pressures and low temperatures. These 
considerations give rise to two basic types of nitric acid plant, single-pressure 
plants and dual-pressure plants. 

In the former, the oxidation and absorption steps take place at essentially the same 
pressure, whereas in dual pressure plants, absorption takes place at a higher 
pressure than that of the oxidation stage, hence a nitric oxide compressor is 
required. 

Plants can be classified as low pressure ( < I. 7 Bar) medium pressure (I. 7 -6.5 
Bar) or high pressure ( > 8 Bar) for the combustion stage and the absorption 
stage. New plants are constructed for pressures above 4 Bar. 
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Process Aow Dia&rams 

Simplified process flow diagrams for single and dual pressure plants are given in 
Figures 8 and 9. 

F..oonomic Factors in Process Selection 

The production of nitric acid produces a surplus of energy in the form of high 
pressure steam. For the overall economics of the process it is essential to be able 
to· utilise this energy for electricity generation or for other processes. The capital 
cost of the plant will vary with design pressure and type which in tum will be 
dependent on emission standards and on the overall process chemical efficiency 
required. 

Environmental Factors in Process Selection 

The main environmental factor that will influence the process selection will be the 
NOx emission levels permitted for the specific location of the plant. This could 
vary dependent on the effect of other plants already in the area and on air quality 
standards. The proximity of centres of population, sites of special scientific 
interest and other environmentally sensitive areas could also influence the design 
of the plant. 

Primary Raw Matr:rials 

The Nitric acid plants use anhydrous ammonia, air and water as the basic raw 
materials. Air pollution can cause a decrease in ammonia oxidation efficiency due 
to the poisoning of the catalyst. 

Water I Raw Material and Enemy Usa&e 

The process uses water for cooling and as a process raw material. Saline or poor 
quality water can be used for steam turbine condensation purposes but for other 
~aoling duties a high quality water is required, especially as regards process malce 
up water chloride levels. 

Recycled process condensate or demineralised water is normally used for the 
absorption tower feed and for other cooling duties good quality water can be used 
but if this is not available, a closed circuit of good quality water will be required 
being cooled itself by heat exchange with poor quality water. 

Ancillary water treatment plant is also required for boiler feed water make up. 
Dependent on the presence of other steam raising plants on the site it may be 
necessary to have a boiler installed for start up of the nitric acid plant or an 
electric motor may be installed to drive the compressor. 

Cooling towers may also be required for removing the heat from cooling and 
condensing water streams. 
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5.4 Waste Chancterisation and Impacts 

Abn0$pheric Emissions 

The main emission to atmosphere from the ~ arc oxides of nitrogen (NOx) 
and nitrous oxide (N20). 

Emissions of NOx arc in the concentration range of 75 - 2000 ppmv (parts per 
million volume) dependent on type of process. The level of NOx emitted depends 
on·a number of design and operating parameters, e.g., absorption tower pressure 
and design, temperature of the tower cooling water, quantity and quality of 
process water, and ambient air conditions. 

Waste Waters 

Waste water from the process can originate from blowdown of cooling tower 
water to control dissolved solids, from boiler blowdown and water treatment 
plants. In all cases the water will contain dissolved salts which have a low 
environmental effect. Small quantities of ammonia oontaining effluents may arise 
from the vapori:zers. 

Solid Wastes 

The platinum/rhodium catalyst requires replacing after a certain campaign length 
depending on the combustion pressure and due to its high cost is returned to the 
manufacturer for refurbishing. 

Deposits of catalyst can be recovered from various parts of the plant. These are 
also returned to the catalyst manufacturer for recovery of Platinum and Rhodium. 

Hazardous Wastes 

The process does not produce hazardous solid wastes. 

Fu&itiye Emissions 

Small amounts of ammonia are released from vaporiser blow downs and from 
maintenance operations. Similarly there can be small amounts of nitric acid 
released during maintenance. 

NOx fumes released from nitric acid storage are minimized by proper storage tank 
design. 

Contaminants of Concern 

There are no contaminants of particular concern in this process. 
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Fnvironmental Impacts 

The main impact on the environment is from NOx emissions to atmosphere. NOx 
contributes to acid rain and ground leve! ozone. Nitrous oxide (N20) contributes to 
global warming and may affect the stratospheric Ol.OllC layer. However, N20 
emissions from nitric acid production is small compared to other sources. 

Of the total N converted in the nitric acid plar ts, 0.00 - 0.6~ is lost as NOx and 
O.~ - 1.5 ~ is lost as N20 to the atmosphere. 

S.S PoUution Prevention and Control 

Source Reduction 

Most emissions to atmosphere can be reduced by plant design and optimal 
operation. Make up and cooling water temperature will affect the absorption stage 
and hence emissions of NOx. 

Recycling and By-Product Recovery 

Catalyst wastes are recycled. 

Haz.ardous Materials Handling. Management and Disposal 

Nitric acid should be stored in bunded stainless steel tanks. The plant areas 
should have impermeable flooring with all surfaces draining to a i~eutralisation pit, 
to deal with small acid discharges from maintenance operations. Important is also 
to prevent ammonia vapour emissions from unloading, storage and handling 
facilities. 

Small amounts of nitrate salts produced from the neutralization pit would normally 
be discharged with cooling water blowdown to waste. 

Treatment Technologies 

New high pressure nitric acid plants can achieve satisfactory emission levels of 
NOx without abatement of the tail gas. 

For other plants various abatement methods are available for the reduction of NOx 
emissions: 

• Alkaline absorption 
• Non-selective Catalytic Reduction (NSCR) 
• Selective Catalytic Reduction (SCR). 

No abatement system is available for existing plants for N20 emissions. 
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Alkaline Absorption 

Alkaline absorption involves treating the waste gas with sodium hydroxide. This 
can reduce emissions to 200 ppmv but produces nitrite/nitrate solutions which 
require safe disposal or further utilisation. 

Hydrogen or hydrocarbon fuel is burned ir. the tail gas over a platinum/rhodium/ 
palladium catalyst, to remove NOx gases and excess oxygen. Dependant on the 
amount of fuel used the nitrogen dioxide can be reduced to nitric oxide 
(de.colorisation) or to nitrogen. In the latter case to obtain 200 ppmv NOx an 
exress (10-25%) of fuel is required over the original NOx concentration. 

One disadvantage of this process is that the waste gas contains carbon monoxide as 
well as hydrocarbons. 

Ammonia is used as the reducing agent over a catalyst to convert the NOx gases to 
nitrogen. The process can reduce NOx emission to 100 ppm. For plants of low 
capacity with medium pressure absorption it can offer e.conomic advantages over 
the high pressure process. 

Capital and 0 & M Costs 

A new 1000 tpd dual pressure nitric acid plant will cost approximately 35-45m 
USS to battery iimits. 

To reduce emission levels on a similar sized existing plant from 500 ppm to 200 
ppm by SCR the capital costs would be in the region of 600,000 USS with an 
increase in operating costs of 83,000 USS per annum and increased maintenance 
cost of 15,000 USS. 

To achieve the same results by the installation of a new absorber tower would cost 
in capital terms 1 5m USS with an increase of 15,000 USS per annum on 
maintenance costs. The operating cost would, however, fall by 24,000 US$ as the 
increase in acid recovery would out weigh any energy losses. 

S.6 Occupational Health and Safety lmles 

NOx fumes are highly toxic with an 8hr TLV of 3 ppm and 10 minutes limit of 5 
ppm. The breathing of NOx fumes should be avoided and breathing apparatus 
should be worn if necessary. 

Nitric acid i~ extremely corrosive to all tissue. When hcUldling the acid a fully 
protective suit, goggles, face shield, PVC gloves and boots should be worn. Eye 
wash bottles and showers should be provided at strategic places throughout the 
plant. 
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Gaseous emissions from safety devices such as ammonia gas relief valves must be 
vented to safe places. 

Operators should be provided with a high level of instruction, training and 
supervision to enable them to operate the plant at the maximum efficiency. 

5. 7 Global Overview of Discharge Requirements 

The emission guidelines for nitric acid plants in various countries are given in 
Table 6 and 7. 

Table 6 Nitric Add Production - FmDon Guidelines for New Plants 

Country .Limit Value A~ Dare of Excursions 

Date of Publication Tmie lmpkmentation 

Germany 450 mglm3 dry NOx 24h 3/1986 Double 241 time 
211986 expr. in N<>z (219 ppmv) 

France 4.5 leg HNO,lt 7/1974 400 b/y 
7/1974 HN03 IOOS 48 b con.sec 6 legit 

Netherlands 220 ppmv (NOx) I b 8/1987 No limit shutdown &: 
>500 lid 8/1987 star1Up 

UK 200 ppmv 511987 Limit not to be 
5/1987 exceeded at any time for 

normal operation 

Demnarlc Limit values will be set for each plant 
(General regulations is in preparation, 200-225 ppm NOx is expecled) 

Spain 3 leg NOx/t HN03 JOOS 2 b .•• 1975 
211975 1.5 legit HN03 IOOS ••• 1980 

Portugal 400 mglm3 

(N02) (2 s 02) 

Greece 5 leg NOx/t HN03 IOOS 1982 
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Table 7 Nitric Add Production - Emmion Guidelines for Existing Plan~ 

Country Llmit Value Aftruiu Dlleof Excursions 

Date of Publication TUDC lmploementalioa 

Germany 450 mgtm' dry NOx expr. 24h l..OWi - med 
211986 in NO:z (219 ppmv) pressure 3/1936 

France 4.5 kg HNO,Jt HNO, 100~ Aexible approach 
7/1974 case by case 

Netherlands 600 ppmv 1 h 1992 
soo t/d 111987 

UK 1000 ppmv 1992 Limit not to be 

S/1987 exceeded al any time 
for normal operation 

Ireland 200 ppmv (NOx) 1976 

Denmark Limit nlues are set for each plant 

Spain 20 kg NOx/t HNO, 100~ lb 
211975 

India 3 kg/t of weak acid 

Turkey 800 mglm' 

Thailand 2000 mglm' 

USA I .S kg/t NOx HNO, 

Greece 8 kg NO.Jt HNO, 100~ 1981 

S.8 Target/Preferred Guidelines 

Modern plants with high pressure absorption without abatement action on exhaust 
gas can achieve NOx levels in the tail gas below 200 ppmv. With medium 
pressure plants 500-800 ppmv can be achieved. Smaller low pressure plant may 
emit up to 2000 ppmv, when unabated. 

The standard of 200ppmv for new plant is recommended as a realistic target. 

S.9 Monitoring Requirements 

Continuous monitoring of NOx levels in the stack gas should be provided. A 
system that measures the sum of NO and N02, and N02 alone is recommended as 
this allows a higher degree of plant control. 
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6 FERTILIZER PRODUCTION 

6.1 Summary 

The technology to abate emissioos for fertilizer production plants is widely used 
and reduces the environmental impact of such plants to an accepl3ble level in most 
situations. 

6.1 Introduction . 
This guideline covers the production of~ ammonium phosphates, 
monammonium phosphates (MAP), diammonium phosphate (DAP), 
nitrophosphates, ammonium nitrate (AN), calcium ammonium nittate (CAN), 
ammonium sulphate nitrate (ASN), urea, ammonium sulphate, powh and 
compound fertili7.Cl'S. 

6.3 Manufacturing Proas 

Process Description 

Figure l summarises the production routes and raw materials for the manufacture 
of the major fertilizer products. They usually result in a granular or prilled 
product with a mean siu range of 2 - 5 mm in diameter. 

In the aanulation process material containing the desired siz.e range is produced 
by means of a rotating drum or pan, fluid bed or Olher process. The moisture 
content of the slurry Oi melt entering the granulation unit is between 3 and 15~. 
The slurry/melt is sprayed on recycled particles (crushed oversize or fines from 
screening) which act as a cooling medium for solidifying the slurry/melt. A drying 
stage is required before cooling, screening and coating. 

In the prilline process a melt of materials low in water content ( < 0.5 % ) is 
introduced into a tower as droplets. The droplets solidify as they fall down the 
tower against a counter current of air. The solid prills are then cooled, screened 
and coated, as required, to produce the final product. 

The production details are given below. 

• Superplwsphare 

There are two main superphosphate fenilii.ers, single superphosphate (SSP) 
and triple superphosphate (TSP). Both are produced from ground 
phosphate rock by the action of sulphuric acid in the case of SSP and 
phosphoric acid in the case of TSP. Usually the superphosphate powder is 
stored in a pile for several days to allow the chemical re.actions to 
complete. They are then either processed in a conventional granulation 
plant or used at; one of the raw materials in the production of compound 
feniliz.ers. 
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• Ammonium Phosp.'ulres - Monammonium Phosphme (MAP) or Diammonium 
Phosphate (DAP). 

Ammonium Phosphates ue produced by the mldion of ammonia with 
phosphoric acid to give MAP or DAP. They can be produced as finished 
product fertilizers and applied directly to the land or used in blending to 
produce compound fertilizers. 

The reaction may be carried out in a RqCle slurry process or in a pipe 
reactor and then processcd in a granulation plant. 

Powdered material may also be produced which can be used as one of the 
raw materials in a granulation plant producing compound fertiliz.ers. 

• Nitrophosphala 

The Nitrophosphates process involves the digestion of phosphate rock with 
nitric acid. The resulting soi Jtion is cooled causing calcium nitrate to 
crystallise out which is removed by filtration. The filtrate containing 
phosphoric acid with some nitric acid and free Ca ions is then neutralised 
with ammonia. More ammonium nitrate (or nitric acid + ammonia) is 
added dependent on the required N/P.p, ratio. The neutralised solution 
must be evaporated to reduce the water content before granulation or 
prilling. A range of additives (i.e. pocash, sulphates, magnesium, etc.) can 
be introduced to the slurry/melt before gnnulation/prilling. 

In the nitrophosphate prilling process, the slurry is further treated in 
vacuum evaporator before introducing additives to the melt and prilling. 

The calcium nitrate filtered earlier in the process can be further treated 
with ammonia to produce a calcium nitrate fertiliz.er, treated to produce 
pure calcium nitrate or reacted with ammonia and carbon dioxide to give 
ammonium nitrate and calcium carbonate. 

• Ammonium NitraJe {A.Ni. Calcium Ammonium Nirrme (CAN). Ammonium 
Sulphate NitraJe (ASNJ. 

AN is made by the reaction of 60% nitric acid and anhydrous ammonia. 
The heat of reaction is utilised to drive off water and produces a solution of 
up to 95-96% ammonium nitrate. This solution can be fed to a granulator 
or further concentrated to greater than 99% and solidified by a prilling 
process. 

Another fertiliz.er product, CAN, is also produced by adding dolomite 
(calcium/magnesium carbonate) to the melt prior to prilling or granulation. 

ASN is produced by granulating ammonium sulphate and AN. 
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• U"a 

Urea is produced by reacting liquid ammonia with carbon dioxide under 
conditions of high pressure (140 Bar) and temperdture (175°C). The 
carbon dioxide is usually supplied from an ammonia plant. The reaction 
produces ammonium carbamate which partially decomposes to give urea. 

The mixture of urea, carbamate, water, ammonia aw.I carbon dioxide is 
then concentrated at lower pressures to give urea solution and carbamate 
solution. The latter solution is returned to the reaction stage whereas the 
urea solution is concentrated to 99.8~ purity under vacuum. 

Most product urea is produced by prilling the melt but granulation 
processes are also used. 

• Ammonium Sulphate 

Ammonium sulphate can be made by the reaction of ammonia with 
sulphuric acid. The reaction produces a large amount of neutralisation heat 
which is used to concentrate the liquor by removing steam under vacuum. 

Ammonia sulphate crystals are removed by a centrifuge or filtration. 

However, most ammonium suli>hate is produced as a by product of other 
chemical processes, or recovery of dilute acid or ammoniacal solutions. 

The material can be used directly as a fertiliser but is usually incorporated 
into compound feniliz.ers. 

• Potash (Potassium Chloride) 

Mineral deposits of potassium chloride are found throughout the World. 
They are usually found in the presence of sodium and magnesium salts. 
Refining of the deposits obtained from mining is necessary to produce 
potash for the fertiliz.er industry. Flotation techniques are most widely 
practised to give a fre.e flowing crystalline product. 

Potash is normally incorporated in compound feniliz.er before application as 
a feniliz.er. 

• Compound Feniliur:r 

Compound fertilizer·; can be produced by several methods. 

They may be produced by simply physically blending together other 
fertiliz.er products, such a AN, MAP, OAP granular potash etc., to give the 
desired analysis. Compound fertili1..er may also be produced by the 
granulation process, using solid raw material such as, SSP. TSP, Potash 
MAP, the agglomeration process being assisted by the addition of steam 
and/or water. Some granulation processes use liquid feeds of AN or other 
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raw materials along with the solid materials to produce the compound 
fertilizer. 

Compound fcrtiliz.ers may also be produced by the prilling procas where 
additives UC added to low moisture melts to gM the requimf analysis 
before prilling to produce the final product. 

Proms Bow Diaimn 

Basic _flow cli3grams for a granulation process and for a prilling process arc given 
in FJ.gUreS 10 and 1 L ......... 

~ 1··· 

~~T--
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.. 
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Flgllre l 0 Granulation Process 

Economic Factors in Process SelcctiQO 

There are many factors that will contribute to the most economic combination of 
plants for a particular application. 
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The types of aop to be grown (or growing) in the arCl to be served by the plants 
and the soil nutrient levd will be important in determining the formulalion of 
fertilli.a" required. 

The choice of the site and type of plant will be dependant on the proximity and 
price of raw materials, intmncdiatcs or indeed finishal product. 

The availability of land and water supply will also affect the economics of the 
processes chosen. 

•t t t . I . I 

...... Jlll!U!I -~-~~ •• t----
mli 

-

t 

Figure II Prilling Process 

Environmental Factors in Process Selecti<m 

-

The processes described above all give, to a greater or lesser extent emission to 
air water and land. 

The choice of the siting of the fertilizer production proa:ss may influence the type 
of process used, or visa versa. 
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The proximity of centres of population, areas of special scientific interest, crops, 
type of water environment, availability of land etc will all influence the amount of 
emissions that may be discharged by the process. They should not impact on the 
local environment to any great extent. 

Water. Raw Materials and Ener&y Usge 

Many of the fertili7.cr production proocs.ses use water to scrub off gases to reduce 
atmospheric cmmions of various pollutants. Granulation plants burn natmal gas 
or fossil fuels in the drying ~-

The detailed requirements of a particular fertilizer complex will depend on the 
types of plants oo the site. 

6.4 Waste Cbaraderisatioa and Impacts 

Abn0$phcric Emiuions 

The main pollut.aAts emitted to atmosphere from fertili1.er production units arc 
ammonia, fluoride, nitrogen oxides, carbon dioxide, hydrogen chloride, dust and 
fuwe. On most units the abatement plant is part of the process, i.e. liquors and 
dust from scrubbers, cyclones and filters are fed back into the process. 

• Superphosphate 

The production of TSP and SSP produce fluorine compounds. Most of 
them are retained in the product during the production of TSP but 25 ~ are 
released to atmosphere in SSP production. 

There will also be fluoride emissions from the maturing, heaps of material. 

• Ammonium Phosphllles 

The production of ammonium phosphates results in the release of quantities 
of steam containing ammonia and fluorides from the wet side and 
ammonia, fluorides and dust from the dry side of the plant. 

• Nirrophosphates 

During the process of acidulation or digestion of the phosphate rock, oxides 
of nitrogen and small amounts of fluorine compounds are given off. From 
the evaporation stage of the process fluorine compounds and ammonia are 
emitted. 

The prilling or granulation process will give emission of dust and 
ammonia. 
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• ANICANIASN 

The main emission to atmosphere for these processes are associated with 
the production of AN. lbe neuualisation of nitric acid with ammonia 
releases amounts of steam which will contain some AN and ammonia. 

Dust is also released to a:mosphere from the prilling tower or dry 
granulation side. 

•· Urea 

1be gaseous emission from the prilling towers contain dust and some 
ammonia. F.missions from other units processes may contain ammonia, 
methane and cni. 

• Ammonium Sulphllle 

Ammonia is given off in the steam produced by the neutralisation of 
sulphuric acid with ammonia. 

• Potash 

The mining and handling of potash ores and the final product will give dust 
emission to the atmosphere. 

Liquid Effluents 

Liquid effluents from fertilizer production processes are low. Water is used to 
scrub the waste gases to remove pollutants. In many cases the scrubbing liquors 
are recirculated and the concentrated liquid returned to the process. 

In plant£ where the scrubbing liquids cannot be used, once through scrubbing 
systems with treatment of the effluent are used. 

A liquid balance across the processes is essential if liquid effluent is to be avoided. 
Adequately sized holding tanks are required to prevent recyclable effluent from 
overflowing to sewer during shutdown and abnormal conditions. 

Solid Wastes 

Solid wastes are not generally produced in fertilizer production processes as all 
waste material can be recycled back to the process. 

Contaminants of Concern 

There are no contaminants of major concern in iertilizer production apart from the 
cadmium contained in certain phosphate fertilizers. 
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Environmental Impact 

Fertilizer production processes that are suitably abated do not release materials in 
harmful quantities to atmosphere. 

However, excessive levels of fluoride emissions cause damage to 'Vegetation and 
cause harm to live stock which consume the vegetation. High levels of ammonia 
can cause local damage to vegetation and contributes ultimately to acid depositions 
in the soil. 

Dust may also be rdeased to the atmosphere from c:ertaiu processes which is of 
nuisance value. 

If plant nutrients are released to the aquatic environment from scrubber systems or 
run off water it is possible that cutrophication of water sources may take place. 
The type of m:eptor water would be important as to whether the eutrophication 
would take place. 

The emission of ammonia or acidic fumes may rise to mists in the plant vicinity. 

6.5 PoUution Prevention and Control 

Source Reduction 

Wastes can be minimised by a high level of maintenance and operation to avoid 
spillages. Any spillage whether solid or liquid should be returned to the process. 

NOa emissions from the nitrophosphate process can be controlled by the addition 
of urea to the digestion stage. 

Haµrdous Materials Handlin&. Manuemeot and Disposal 

Fertilizer products are generally of low hazard. Ammonium nitrate and high 
ammonium nitrate fertilizers are considered to be oxidising agents and require 
special transport and storage requirements to keep them apart from flammable 
materials. If involved in a fire, fertilizers give off toxic fumes. 

Treatment TechnolQ&ies 

Fluoride emissions from certain processes are controlled by scrubbing the effluent 
gases with water. Ammonia can also be removed in the same way, but prior 
scrubbing with phosphoric acid may be necessary where the ammonia load is high. 

The scrubber liquors can be recirculated to give a concentration of effluents and 
the liquor bled back into the process to contain emissions. 

If the type of process does not allow the recycling of liquors then treatment may 
be required before the scrubber water is returned to the aquatic environment. The 
amount of treatment will depend on the vulnerability of the receptor water, type 
and level of pollutants. 
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The treatment of waste waters with lime and polyelectrolyte can precipitate 
phosphate prior to discharge of the waters. 

Dust generated in the processes can be passed through cyclones to return the 
larger particles to the process. For finer particles a bag filter or hydro cyclone 
may be required. 

To remove AN fume and ammonia acid, irrigated low velocity filter candles (brink 
mist eliminators) may be necessary on certain plants. 

It is important to obtain a liquid balance ~ the processes to avoid liquid 
effluents. All spillage and run off water should be collected and recycled to the 
process. 

The precise combination of abatement plant and treatment required will be 
dependent on the types of process plant available and the water environment into 
which any wastes may be discharged. 

Fertilizer production processes do not yield solid wastes that cannot be returned to 
the process. 

Capital and 0 & M Costs 

There are no innovative low cost technologies for plant abatement. Simple 
scrubbing systems are relativdy cheap, but bag filters and low velocity filter 
candles become much more expensive. 

For a fertilizer plant the cost of pollution control equipment can be 10-20% of the 
total cost of a new plant. The operational and maintenance costs relating to 
environmental control, can be 10-20% of the total production costs. In new 
plants, however, the process design would integrate environmental control with the 
need for high efficiency and productivity, and hence it is difficult to single out the 
costs of environmental control. 

The cost of adding on equipment to an existing plant must be considered case by 
case since it is related to the size and type of plant, type of equipment to be 
installed, and the pollution control requirements to be met. 

As an example the installation of low velocity filter candles on a 1200 tpd 
ammonium nitrate vaporiser entails a capital cost of approximately 750,000 US$ 
with candle replacement cost of 90,000 USS every 3 years. 

It is also estimated that the addition of a venturi tray plate scrubbing unit on a 
1000 tpd urea granulation plant would have capital costs of 1.2 m USS with 
operating and maintenance costs of 155,00 USS and 12,000 USS per annum 
respectively. 

On a similar size CAN plant the costs would be 2m USS capital, 167,000 US$ per 
annual operating costs and 54,000 USS per annum maintenance costs. 
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6.6 Occupational Health and Safety mues 

During the production process the major hazards are from the acids and ammonia 
used in the process, as described previously. Fertiliz.er products are of low 
hazard, the main hazards being dust levels in the plant especially from some 
coating materials that may contain crystallised silica. 

6. 7 Global Overview of Discharge Requirements 

Effluent guidelines for fertilizer pnxluction in various countries are given in 
Tables 8 and 9 in the appendix. 

6.8 Target/Pref erred Guidelines 

The level of fluoride and ammonia emissions and dusts to atmosphere should be 
controlled to avoid problems in the vicinity of the plant. 

High efficiency mist elimination with acidic scrubbing can reduce ammonia 
emissions to less than 35 mg/ml and ammonium nitrate emission to less than IS 
mg/ml in modem efficient plants. The large off-gas volumes in older plants would 
be difficult to treat to such emission levels. 
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7 FERTILIZER USE 

This paper is primarily concerned with environmental issues concerned with 
fertili7.Cr production. The use of fertili7.Crs however, can contribute to certain 
environmental problems. The main issues are listed below: 

• Nitrate contamination of drinking water supplies 

• Eutrophication of inland and coastal water 

• Deposition of cadmium on land from certain phosphate fertilizers 

The leaching and run off of nutrients to water can be substantially reduced by 
good agricultural practice. 

As part of good agricultural practice farmers should develop fertilizer application 
plans which should take into account, the correct type of fertilizer, optimum 
amounts to be applied, optimum time to apply the fertilizer, high standards of care 
during storage and use, and other considerations. 
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Table 8.1 Fertilizer Production - Discharge Guidelines (a) 

Componeal Austria (b) ~ 

Particulate (dust) 75 mglm' 

NH, 

HF 

HCL 

F 

NH. ·-N (d) 

NO,-N (d) 

NOx(c) 

Cd 

p 

Chemical 

Oxyecn Demand 

Total Su~nded 
Solids 

pH 

T empcratun: 

20 mglm' 

5 mglm' 

JO mglm' 

(ISO men> 

(22S mg/I) 

(2-0.J men> <J> 

(S0-300 mg/I) 

(f) 

(300-450 mg/I) 

(f) 

(200-600 mrn> 

(S-9.5) 

ISO mglm' 

IOOmgfu/ 

(6 mcll) 

(10 mg/I) 

(40 mg/I) 

(6-9) 

(3S"C) 

2S me'"' 
(10 111111) (•) 

(SO mcll) 

(10-20 men> (o) 

(5 mg/I) 

(100 mcJI) 

(6.S-1.0) 

lru (c) 

(2.0-2.S mg/I) 

(O.S-2.S mg!l) (t) 

( 1.0-SO mcll) (t) 

(0.01-1.0 mg/I) 

(1.0 mg/I) 

(30 mg/I) 

(6.S-l.S/S-9) (wdl) 

Gcnmny t'FR> 

5S-7S mgtm' 

SO-JOOmgtrrl 
(h) 

s mglrr/ 

30 metm' 

(2 qlt-a) (i) 

(2 ki" N) (i) 

soo mc!rr/ 
(not NA) 

(100 in=lt 

P,05) (i} 

(0.S qft P:OJ 

a. Derived from IFA Environmelllal Legislation Survey (1919) and Olber RpOlted dm. Values ill pan:alhesis O indio=ate 
liquid effluents. all Olhers indicate pscous efDuc:ru. Values not sbow1I do DOC m;essarily indicate lack of leJislated 
limit. Gaseous values assumed to be expressed ill aonnal cubic mdCn (M"). 

b. Values for Austria pc:ruin to new installations. 
c. For Iran. lower values n:fcr to wastewater discharged illlo wells and hisb valucar&fer to surface discharge. 

d. Allowahle limit calculated as N cxistiac in indicated form 
e. NOx calculated and indicated as concclllratioaof NO,. 
f. Higher value peruins to brackish water applications. 
g. Lower value peruins to brackish water applications. 
h. NH, regulated at diS<:rction of local authorities; nlues indicate the raacc of linat.. 
i. Proposed limit using best available technology. 

j. Total N equivalent regardless ofform. 
k. Con.:entra1ion indicated as NH. and NO,. 
I. Comhustinn Source 
m. Jordan currently has no rcJUlations pcruining to emissions to almospbc:rc. 
n. Fluoride value may be a1 low as 1.5 mg/I depending upon n:cipienl llream of .II. 
o. High valu~ (20 mg/I) is applicable to phosphate fcnili7.cr production uaiu. 

p. High value (I~() mg/I) is applicahlc to urea planls ordy; values refer to toul N e4uivalenl regardless of form. 
q. Phoo;phnri.: a.: id produ.:tinn 
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Table 8.2 Fertilizer Production - D&::barce Guiddioes (a) 

Particulate (dust) 

NH, 

HF 

HCL 

F 

NH.··N (cl) 

NO,-N (d) 

NOx (e) 

Cd 

CbcmicaJ Oxye<n 
Denwnd 

T olal Sutpeaded Solids 

pH 

Temperawre 

Kora HD!! 

ISO mctm' 

(IOOppm) 

lOmctm' (0-5 mcll) 

(34 ppm) 

(116 ppm) 

Taiwu lUalaad 

so_,;.• SOOme'm' 

so...,, •• :.S qlm' 

1nmi'm' 

200mg'm' 

10 mctm' 0.141·'1 
us mell) 

(30 qll) 

1000 mr'm' (1) 

(IUOppbl 

uoo mcll> 

(30 qll) 

(6-9) 

(3S"C) 

November 1993 

Tuaisia 

~ 700 ractm' 

20!) 100.,, •• (q) 

3 .... '" p,O, (q) 
(5 111Cll. IO qll (q)) 

200 Pl'°" 

(II mc11 

(20 me 1 r-l)) 

(6-7) 

a. Derived from IFA Environmeiul Lesislalion Survey (1989) and ocher lqlOl1ed data. Values ill pare~sis I) 
iadiaite liquid eflluelllS, all odlen indicate pseous eftluelllS. Values llOl ._.n do llOl neccuarily indicM.e la~t of 
leJisl*d limit. 0.- values U1Umcd IO be ellpf'CAed ia ~I adlic: -n (M'). 

b. Values for Auslria peruia IO new imlallatiom. 
c. For Iran, lower values refer IO waSlewllkr discharsed inlO wdb and hip values refer IO surface discbasr. 
d. Alloll'ablc limil c.lculaud as N cxitline ia indicalcd form 
e. NOx calculalcd aad indiailcd as concelllnlioa of NO:. 
f. Hiper value penains IO bract.ish water applications. 

I· Lower value pen.ins IO brackish water applications. 
h. NH, replalcd at discrclioa of local alllhorities; values indicate die raacc of limiis. 
i. Proi-cd limit u.U., bat available lechnoloS)'. 
j. Toe.IN eqvivalcal repnllcn of form. 
t. Concelllratioo indicalcd as NH. and NO,. 

I. Combustion Source 
m. Jordan curre111ly has no repletions penaining lo cmi'5ions IO aunosphcre. 

n. Auoridc value may he as """ as I .S mgll depending upon rc.:ipic111 stream of ou1(1ll 

o. Hip value (20 mell) is appli~ahlc 10 pholphate fcrtiliz.cr production units. 
p. Hip value (ISO mell) is applio;ablc IO urea plallb only; values refer IO local N cquiv1lc111 re1arcllcss of form. 
q. Phmphoric acid production 

51 



UNIDO/World Bank/UNEP 

Table 8.3 Fertilizer Production - Discharge Guidelines {a) 

ltalv 

NH, 

HF 

HCL 

F (6 mg/I) 

Jonlaa(m) 

(2 . .S mfll) 

200 mglm' 

IOmglm' 
(IS mgll) 

Mexico 

(Wmg/l) 

November 1993 

NH. ·-N (d) (SO mg/I) 

(SO mgll) 

( 10 q/f) {j) (SG-ISO mgll) (pl (S mg!l) 

NO, -N (d) 

NOx (c) 

Cd 

p 

Chcmi.:•I Oxygen 
Demand 

Toaal Suspclllkd 
Solids 

pH 

Tcmrcrawrc 

(20 mg/l) 

(10mg/l) 

(6 . .S-9) 

(S°C above ambicn1 
outfall leJ1l>Cralurc) 

IOOmgtm' 

(0.01 mg/I) (0.S mgll) 

(3.S mg-1} 

(100 mg/I) (200 mg/l) 

(0.01 ...,.1) 

(I mr·l> 

(30 111111) ooo men> as mr-1> 

(6.1-7.2) (6-9) (6-9) 

(30"C) 

( 40 mg-II) 

(30 mg/I) 

(6-9) 

(l.S mgll) 

(6-9) 

m·c > 

a. O.:rived from IFA F.nvironmcn&al ugislatioa Survey (1919) and other rqior1Cd data. Values in parenthesis 0 indicate 
liquid eMuenlS, all ochers indicate r11seous eMuents. Values no& shown do OllC nc.:cuarily incfo:atc lack of kgislatcd 
limit. Gaseous values assumed to be expressed in normal cubic ~ers (M'). 

b. Values for Austria pertain 10 new insullatioos. 

c. For Iran, le-er values refer lo wasiewaler dis.:h•f¥cJ in10 wells and hip Yalucs ,-.,fer 10 surface dis.:ha'l?c. 
d. All•111.·ablc limit cal.:ulatcd as N existing in incfo:atcd form 

c. NOx cakulalcd and indicated u conccnualion of NO:. 
f Higher value pertains lo brackish waler applications. 

f· Lower value pertains IO brackish waler appli.:a1ions. 
b. NH, regulated at disc:rction of local authorilics; values indicate lbt range: of limits. 

1 Proposed limit using bcst available: lcchnology. 
j Tnul N c:quivalcnl rcganllc:ss of form. 
k. Concenlration indi.:alcd as NH. and NO,. 

ComhuSlion Sour.:c: 

m. Jordan currently has "'' regulations pcrtaining In cmissions 10 llmosphc:rc. 
n. Flu•>ride value: may be as low as I .. ~ m~/J ckJlcnding up<>n rc'irien1 stream of nu1fall. 
o. H1Jh value (20 mJll) i• appli,ahle lo phruphatc: fcrtili1.c:r rmclu;tion unit• 
p H .. i;h value (I ~O mg/I) i• appli,ablc: In uru planls only; values ttfcr lo total N equivalent rc:11uJlcss of form 
q fhnsrhnri.; a.;iJ pmclu.;lion 
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Table 9.1 Selected Federal F.nTironmental Regulations to the Fertilizer Sector 
in the United States 

(l.imil (•)) 

~Acid 
Conccalnlioa 

(Aamloaili is DOl cowaal by Waal ~ -y be iqulafed by 9'alC -' local audiorilics) 

0.4S-4..S sll HNO, 
(b,c:.d) (m ---.et) 

Acid Misl 0.015 qlt H,SO. (b) 

Fluoridca (exprcacd as F) 10111 P,o, Ssh P.p, 

Nilrosca Oxides (ellpRSXCI l.S qlt HNO, (b) 

asNOJ 

Nilnlc (expressed as N) 23-110 sh HN<>, (b.c.d) 

(••---*') 

Sulphur Dioxide (SO.J 2 qll H:SO. (b) 

Scac:k Opaciry Laa !baa IOS LaalllualOS 

•. Indicated limiu for...,..,,._ openliom mer IO ....... nd of PA~-- fed IO pnicca. Euepl for 
WUlcWaf&r, all values n:fu IO didlarps lo lbc ~- Mdirioml 11.rc wl local rqut.tioas-y mo llPPIY· 

b. Bucci oa acid prodiKcd; IOOS H,SO. or HNO,. A19 .... ric ~,,..._mer IO a -u..a 2-b awnp. 
c. Lower value is avenic of daily valuea for JO c-"c days; ....... value is -xilnuaa for aay om day. Tacal 

suspended solids is -ived if water is ~ IO - pbolpllonls .... n.-iae. 
d. Slaodanl for new faciliry baaed oa sa-• ....-. ,.. lllllerilll. 
Soun:e: Uailcd Scares Code of Fedenl Rcplalim9 July I, 1919 aad July I, 1990. 

Table 9.2 Selected Federal Environmental Regulations to the Fertilizer Sector 
in the United States ..................................................................... 

Diammonium Pho!phat.e 

Sour.e of EftluelW - Procl"'1ioA Uaic/Opcmion 

Tripple 5upcrpho!pha1c 

(Limil (a)) 

Graiular Triele Supcrpl!g!phat.e 
Stoncc Facility 

Amm .. nia (NHJ (Ammonia is llOI coveftd by fcdcntl rcplations; nuy be rcplatcd by IC.ale and foul au1horicics) 

Fluor,cles (expressed H F) 30 s/1 P10, 

a. lnclicalcd Ii mils fOt' photphatc openttions refer lo pbolphatc n1et of P,O, cquivalclW fed 10 process. uccpc for 

wastewater, all "alucs refer 10 di$4:harics IO die llmo.phcre. Additional llalc and local repletions may also apply. 
b. Ba1ed on tonnes P,O, cquiV1lent in slontJC facility. 
Source: United Stales Code of Fcdcntl RcplationaJuly I, 1919 and July I. 1990. 

~~~~~~~~~~~~~~~~~~~~~~ 
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Table 9.3 Selected Federal E.nvironmeatal Regulatiom to tbe Fertilizer Sector 
in the United States 

~of en.c.a - P,odudioa U!i!IOpcn!ioa 

SeHasc l'b9R1hMcRoct. Pbo!plie!e Roel: ..._.._ltoi:t. ProcessW.-c 

~ Gtiadu ~ ~ 

(l.imlil (a)) 

Alloridcs (cllpRDCd as f) 25-'iS qn (b) 

Puliallalc ( .. ) 120 Jh roc:t. (c) 
6 '" ro:t 30rJtiroct. 

SS 11'1 roc:t. 

.....,..._.. (cxptascd as P) lHOS me/I (b) 

Slack OpKily Less dwa 10~ 0'1 Laa !baa I 0'1 

ToW Sup Lade~ Solids SO-I SO 111111 (b) 

pH 6.0-9.S 

•- lndicaccd limilS for phospllau opcnlioas Nfcr ro pbosphalc roc:t of P,O, cquivaic. fed lo pro.:css. &.:qt tor 
WUICWlloer. all values Rfcr IO discbar(es lo IM llllnOlpbcR. Mdilioml- -S local iqulalioas may also epply. 

b. Lowu V-.C is avcnic of daily values for lO ..-:~days; la;pcr n1uc a -llimna for aay oae day. T ocal 

smpcadcd solids is waived if ....scr is lrealcd lo - pbolpbotus _. a.-;.. 
c. Rdus to calc:ulalioa of .--riciaral roc:t. or blcads or bcacficialed _. uabcsb:iak:d rocl. Lower value (SS Jll) 

pcnaiaa fO calcinalioa of bcnefa:illcd roct.. 
Sour«: Uailed S1a1a Code of Federal Rqulaiioas July I. l919aad July I, 1990. 




