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 Ammonia has been regarded as one of the most important atmospheric pollutants which 

contribute to the changing ecosystems. A study on the effect of increased 
concentrations of ammonia (NH3) and other nitrogenous gases (NO2, NOx and NO) in 

intensive livestock farm was conducted to understand the dynamics of epiphytic 

microalgae exposed to the pollutants and to determine the pollutant which imposed the 
greatest effect on algal density. Systematic data collection was conducted in a large 

husbandry unit in the south east of England using 15x15 cm quadrats positioned on 

trees, along a line transect. NH3 is regarded as the primary pollutant since it showed a 
strong positive correlation with algal density (p<0.001, r=0.912). NOx also showing a 

positive correlation while NO2 and NO showed no correlation. Numbers of algae were 

significantly higher nearer the source of N-gases.  However, at 150 m from the N-
source, data showed a 72% reduction of algal density. This study suggests that local 

high N deposition is contributing to the dominance of nitrophilous species, which 

altered species composition of epiphytic terrestrial algae. 
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INTRODUCTION 

 

 Emissions to the atmosphere from poultry farms consist of dust, particulate matter, odours, endotoxins, 

methane, H2S, CO2, and nitrogenous compounds such as ammonia (NH3). Of these, ammonia and other forms of 

nitrogen (N) deposition can be a major source of pollution adjacent to pig and poultry farms [1].  In the United 

Kingdom, 80% of NH3 emissions come from livestock manure and N fertilizers [2]. Under the Gothenburg 

Protocol, participating countries are committed to bring NH3 emissions within national ceilings [3].  Sensitive 

areas (within 300m from source) are classified according to their critical load and farms are not permitted to 

increase their NH3 emissions when there are any changes in production [4].  

 NH3 and NH4 deposition is currently above the critical load of N in many parts of the UK. Over the last 20 

years, many studies have provided evidence of an adverse impact of N deposition on vegetation where the area 

of high NH3 emissions has been reported to alter plant species composition of communities and ultimately 

change ecosystems of lower and higher plants [2,5,6]. 

 A suppressed supply of N has been reported to cause a decline in algal growth but at the same time, excess 

NH3 can affect the density and diversity of algae [7].  N-sources emitted from pig and poultry farms is emitted 

predominantly by solid manure heaps and other nitrogenous fertilizers [8]. Considering terrestrial epiphytic 

green algae only, the current study postulates that N-deposition plays an important role in determining species 

diversity where it will promote the survival of nitrophyte species and suppress the acidophytes. This study also 

hypothesized that NH3 emitted from the livestock farm in the form of dry deposition is deposited locally where 

the concentrations decline rapidly with distance from the livestock farm. 
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 The objectives of this study are to assess the relationship between distance from an N source and algal 

density, to determine algal species affected by ammonia and other nitrogenous gases within close proximity of a 

pig and poultry farm and to determine which pollutant imposed the greatest effect on algal density. 

 

MATERIALS & METHOD 

 

A.      Site Description: 

 This study was conducted at a rural area in a 200 acre farm in the south east of England (Fig. 1).  The farm 

is situated at the edge of an intensely farmed irrigated region and has been developed progressively since the 

1790s (www.pastscape.org). The farm consists of approximately 100 sows, 200 piglets, 650 fattening pigs and 

1200 chickens which emit strong smells of ammonia. The area is semi-arid with minimum mean annual 

temperature of 17.8
0
C and maximum of 23.5

0
C. Mean annual rainfall for this area is 624 mm. Four sites along a 

south-west to north-east axis, corresponding to prevailing wind direction were selected along a transect at 5 m, 

35 m,150 m downwind and 400 m upwind as a control site. At each site, algae on three Quercus robur (oak 

trees) were selected for algal collection. 

 

 
 

Fig. 1:  Location of sampling sites showing 3 sites following the south westerly wind direction. A= 5 m, B= 35  

m, C= 150 m (downwind sites), D= 400 m (upwind as a control site). 

 

B.     Determination of Nitrogenous Gases: 

 Determination of nitrogenous gases was conducted to obtain the concentrations of NH3, NOx, NO2 and NO 

using open-ended passive diffusion tube samplers supplied by Gradko UK.  Tube samplers were designed for 

passively monitoring airborne gases [9].  Three replicate samplers were placed at each monitoring site on the 

trees.  The samplers were left on the site for 3 weeks. The sampler contains filters impregnated with phosphoric 

acid which absorbs gas-phase NH3 as NH4 that can be easily measured spectrophotometrically by the 

indophenol blue method [10]. The mean concentration of NH3 during the exposure period was calculated using 

the exposure time and ammonium content [11].  

 

C.    Systematic Algal Collection: 

 Systematic collection of algae was carried out along the line transect through the woodland adjacent to the 

pig and poultry farm. Three mature Q. robur trees at each site were sampled with 15 x 15 cm quadrat, at 1.5m 

above the ground, in line with the passive samplers.  Algae within each quadrat were collected by brushing the 

surface with a wetted cotton bud and then steeping it in a 100 ml specimen tube containing 40 ml distilled water. 

All samples were stored in a refrigerator at 1-4
0
C to prevent post-sampling growth. Following vigorous shaking, 

10µl of the algal suspension was pipetted onto a microscope slide.  A Brunel digital light microscope at 400x 

magnification was used to aid identification and for counting of algal cells.  Scope Image Advance software was 

used to aid in image capturing. An estimation of population size was made by multiplying the total number of 

cells in 10 µl, to that in 40 ml, to provide an estimation of algal density in one quadrat (225 cm
2
). Species 

identification followed standard taxonomic books [12,13,14,15] and the database for the world’s algal listings 

(www.algaebase.org).  Photomicrographs of the algae were taken to facilitate identification.   
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Results: 

A.     Algal Species: 

 Algae recovered from all the quadrats revealed that almost 100 % were of the green alga, Desmococcus sp. 

(Fig.2). Another algal species namely Trebouxia was also found but only in a very small quantity. Desmococcus 

olivaceus is synonymous to D. vulgaris, Pleurococcus naegelii, P. angulosus, P. vulgaris and Protococcus 

viridis.  Cells of Desmococcus are usually in solitary or in indefinite clusters.  The cell is in the form of cuboidal 

packets of 2-3 or 4.  The cell is spherical or angular with the size between 9-20µm. The distinctive character of 

Desmococcus is its parietal chloroplast with pyrenoid.  These algae are cosmopolitan where it commonly 

inhabits the shaded and polluted habitats.  

 

 
   

 

Fig. 2: The dominant microalgal species inhabiting trees near to large husbandry unit, the Desmococcus  

olivaceus. Observation using digital light microscope with 400x magnification. Red arrow indicating the  

algal colony on the tree where it appear as dusty green layer.     

 

B.    The relationship between distance from N-source and algal density: 

 Algal density was negatively correlated with distance from the farm (Pearson correlation coefficient, R=-

0.783, r=88%, p=0.003).  This showed that trees located away from N-source supporting less algae compared to 

trees located nearer the N-source. Algae recovered from the quadrat showed obvious differences in terms of 

density with distance (Fig. 2). In this study, data showed a significantly higher algal population nearer to the 

farm (1-way ANOVA, F3,8=29.54, p=0.001) where algal density closest to the N-source is almost 10-fold 

higher than the farthest site.  Numbers of algae were significantly higher nearer the source at 5m and 35m 

compared to other sites.   

 The highest density of algae was recorded at the nearest distance (5m) from the farm with 3166±160 x 10
3 

cells/ml. This equates to 563 cells/cm
2
 of bark. This was followed by the site at 35m from the source with 2001± 

397 x 10
3 

 cells/ml, equivalent to 355 cells/cm
2
. Further away from the farm at 150m, algal density was reduced 

drastically to 332±287 x 10
3 

 cells/ml (59 cells/cm
2
). As expected, the control site which was located 400m 

upwind from the farm showed the lowest number of algae at 194±87.9 x 10
3 
 cells/ml (34 cells/cm

2
).   

 

 
 

Fig. 2:  Variation in algal density (cells per ml of washing) with distance from the source (farm). Data show a  

clear reduction of algae at 150 m from the source. The values are expressed in x 10
3
 cells of the means ± 

SE bars.  Values ascribed a different letter differ significantly at p<0.05.       

 

 Tukey’s pairwise comparison was run to test between sites. It showed that there were significant differences 

between the sites at 5m, 35m and 150m from the farm. As expected, there was no significant difference between 

the farthest site (150m) and the control site since these sites only received a minimal amount of pollutants 

emitted from the N-source.   
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C.     Pollutant concentrations in the locality of the farm: 

 Atmospheric ammonia concentrations declined markedly with increasing distance from the farm (Fig. 3a). 

NH3 concentrations were negatively correlated with distance from the farm and this is the only pollutant which 

showed a clear reduction in terms of concentration.  At 5 m, the concentration was 18.34±1.38 µgm
-3

.  The 

concentration continued to decrease quite drastically at 35m to 9.72±1.69 µgm
-3

.  At only 150m from the farm, 

the NH3 concentration was almost reaching the background value at 5.10±1.78 µgm
-3

.  NH3 concentration at the 

control site, which was located at 400 m upwind, was 3.74±1.11 µgm
-3

. Other atmospheric pollutants such as 

nitrogen dioxide, total nitrogen oxides and nitric oxide fluctuated within distance but showed no obvious pattern 

(Fig. 3b-d).  

 

 
 

Fig. 3: Variations of algal density and concentrations of gaseous pollutants with distance from the farm. 

a) Ammonia          b) Nitrogen dioxide         

c) Nitrogen oxides          d) Nitric oxide 

 

                              
Fig. 4: Correlations between algal density and atmospheric pollutants.   

a) Ammonia        b) Nitrogen dioxide        

c) Nitrogen oxide         d) Nitric oxide 
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D.    The relationship between algal density and pollutant concentrations: 

 Out of four pollutants tested in this study, only NH3 and NOx were found to have a significant correlation 

with algal density (Fig. 4a and 4c).  NH3 concentration showed a strong positive correlation with algal density 

(p<0.001, r=0.912).  The relationship between NOx, concentration while significant, was weaker (p<0.05, 

r=0.631). Neither NO2 nor NO was significantly correlated with algal density (Fig. 4b and 4d). 

 

Discussion: 

 Algal density was greater closer to the source of pollution (Fig. 2). A strong positive correlation between 

NH3 and algal density explains the relation between these two entities (p<0.001, r=0.912). As concentrations of 

NH3 increase, algal density also increases (Fig. 4a).  There is a 72% reduction in population density at 150 m, 

and 80% at 400 m from the source.  In a similar situation, Fowler reported a reduction of 98% in the first 200 m 

from the source [16] and Pitcairn reported a sharp decrease in the first 200 m and a 95% reduction at 650 m 

from an ammonia source [17]. The number of algae was highest when the NH3 concentration was at its peak, 

which is expected since dissolved inorganic nitrogen such as ammonia, nitrate and nitrite are known usually to 

affect the distribution, productivity, and abundance of epiphytic algae [6,18].   

 Increased levels of N with decreasing distance from the pig and poultry farm (Fig. 3a) is in agreement with 

other studies [19,20]. Higher N concentrations have often been reported to increase the rate of algal growth [7]. 

The background level of ammonia at 400 m upwind is 3.74µgm
-3

.  This is in good agreement with work carried 

out in the Netherlands by Buijsman where mean concentrations in background data ranged from 2-4µgm
-3 

[21]. 

This is similar to other regions with agricultural activities in the UK, Austria and Switzerland.  A lower annual 

mean NH3 concentration of <1µgm
-3

 has been reported in regions without agricultural activity [22, 23].      

 These data explained the mono-culture of algae found on trees surrounding the farm where the nitrophilic 

species, Desmococcus sp. dominating the area, probably due to ammonia enrichment.  Other algal species that 

could not compete and being less adapted to the conditions cannot thrive well. Eventually, Desmococcus sp. 

outgrew other algal species intolerant to high NH3 concentrations. Even though we also found Trebouxia in the 

quadrat, the quantity was very small, and we considered it as irrelevant.  

 The high rates of NH3 deposition would result in nitrophilic species dominating the tree.   An area with high 

nitrogen deposition will result in nitrogen-tolerant species and a lack of N sensitive species [24,25].  Species 

diversity within 50-300 m of the emission source is adversely affected with most being ‘weed species’ and the 

total number of species was reduced [24].  Desmococcus olivaceus which is known as nitrophilous species was 

abundant within close proximity to the poultry and pig farm.  Nitrophilous epiphytes are positively correlated 

with NH3 which at the same time, decreases acidophilous epiphytes [26].   

 In the present study, NH3 concentrations close to the farm were 18 times higher than the critical level 

(1µgm
-3

). Compared to other nitrogenous gases, NH3 is the main source of dry deposition in the immediate 

vicinity of intensive animal husbandry units [27]. NH3 concentrations at the closest station to the source (5 m) 

were higher than at the other stations (35 m, 150 m, control site). In line with the theory, the number of algae at 

this station was highest at this point (Fig. 3a).   As NH3 declined, algal density also decreased.  However, the 

difference between stations close to the source (5 m and 35 m) and those further away from the source (150 m 

and control) was significant.  This result showed that at a distance below 35 m from the source, NH3 

concentrations are sufficiently high to have a very significant effect on the algal density on tree trunks within 

this zone.   

 Gaseous ammonia is known to dissipate very quickly into the atmosphere within a short distance from a 

source and algal density was also found to decrease accordingly. This is in agreement with other work where 

NH3 concentrations declined sharply at increasing distances from the pollutant source [4]. Another study 

showed similar trend where 60% of NH3 emitted from a farm was deposited within 50m [16].  NH3 

concentrations were close to background concentrations at only 276 m from the source [16]. Another study 

recorded up to 40 times NH3 concentrations close to the source as opposed to the background site [28].     

 At 150 m from the farm, algal density was significantly lower than at 5 m and 35 m (Fig. 2).  These sites 

differed significantly from that at the control site.  Located 400 m upwind from the farm, with no or little effect 

of NH3, algal density at the control site was only minimal (Fig. 2). The fact that the 150 m downwind site 

differed only marginally from this value is evidence for the rapidly dissipating nature of ammonia as a pollutant.  

This finding is in line with research conducted by other researcher which concluded that at 150-200 m from the 

pollutant source, the farm under study was only marginally affected by NH3 emitted from their chicken farm [4]. 

The control site in the present study is in the upwind direction, thus it provides representative background data 

for this study.   

 Apart from NH3, other N-containing gaseous pollutants detected in this study showed only a mild 

fluctuation with distances (Fig. 3b-d). No apparent patterns were observed for NO2, NOX or NO suggesting that 

the values detected were influenced by sources other than the farm and constituted the ‘background’ typical of 

this locality. None of them had any significant relation to the number of algae, except for NOx (Fig. 4c). Though 
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only showing a mild positive correlation (p<0.05, r=0.631), it is possible that NOx is influencing algal density.  

Epiphytic microalgae in areas of high deposition face a change in vegetation due to increased deposition [29].   

 

Conclusions: 

 The hypothesis that N-deposition plays an important role in determining species diversity was proved to be 

correct from the results presented from this current work. N deposition was found to aid a healthy growth of 

Desmococcus olivaceus.  This species is dominating the sites at the expense of other algal species.  The 

occurrence of only a single dominant species of epiphytic algae on Quercus robur within close proximity of the 

farm suggests that local high N deposition is contributing to the dominance of nitrophilous species and is 

altering the composition of the community ecosystem. It is believed that other algal species could not tolerate 

high N and had been suppressed by N-thriving species such as D. olivaceus. In other words, a high N content in 

the atmosphere and at the plant surface triggered the survival of nitrogen-loving species and suppressed the 

acidophyte species normally dominant in the habitat. Data in this paper strongly suggest a direct link between 

ammonia concentration and the population density of algae.  Although other gases such as NOx also showed a 

degree of correlation with algal density, the concentration of ammonia is likely to be the over-riding factor. In 

terms of conservation effort, attention should be paid to any area of high nitrogen deposition to prevent further 

loss of diversity of algal species in such habitats.       
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