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On 22 March 2021, a fire broke out in Camp 8W at around 15:00 and quickly spread to camps 8E and 9. The fire was 

contained in the early hours of 23 March. According to an Initial Rapid Joint Needs Assessment conducted by the Inter

-Sector Coordination Group (ISCG), 48,300 individuals were directly affected and a further 92,000 individuals 

impacted.1 Infrastructure, including latrines, water points, shelters, health and education facilities, across the three 

camps were damaged, with Camp 9 sustaining the most damage. Overall, a total of 75 hectares of land was impacted 

by the fire, thus transforming the landscape.2 

Fires alter the ecosystems and quality of natural resources available to the community with immediate consequences 

for environment and human health, such as soil and water contamination from burned materials and air pollution 

from smoke. Longer-term consequences stem from the loss of vegetation cover that, combined with a damaged root 

system, soil hydrophobicity and altered soil structure, disrupts the natural hydrological and pedological processes. 

Water and wind erosion rates may increase due to decreased water infiltration and increased surface run-off, thus 

increasing the risk of landslides. In addition to the fire itself, the humanitarian response can contribute to 

environmental degradation. Pollution stemming from emergency food distributions and the loss of sanitation and 

hygiene facilities, such as latrines and waste collection points, can have long-term adverse effects on the environment 

both in the affected area and downstream. Therefore, quantifying the impact of a fire on the environment is critical to 

identify solutions to rehabilitate the ecosystem services and improve the living conditions within the camps.  

1. Population residing around the fire-affected area within 100m buffer zone who’s shelters had to be knocked down to create fire breaks and/or were using/ accessing services and facilities in 

camps 8E, 8W and 9. ISCG, Joint Humanitarian Response to the Fire Incident in Rohingya refugee camps, Cox’s Bazar, 18 April 2021, https://www.humanitarianresponse.info/sites/

www.humanitarianresponse.info/files/documents/files/joint_humanitarian_response_external_sitrep_-_fire_incident_-_18_april_2021_final_en.pdf 

2. Based on a mapping conducted by the Needs and Population (NPM) team of the International Organization for Migration (IOM) 

Overview 

Figure 1. Burn Area Index (BAI) from Pleiades .5 m multispectral image  

Figure 2. Variance in BAI from Sentinel-2, 10m multispectral image (19 and 24 March 2021). See Annex 1 
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Figure 3. Map outlining fire-affected area, 11 April 2021 (IOM NPM)     

C:/Users/fenella.henderson/Desktop/IOM_NPM_Fire_Incident_UAV_Imagery_08April_2021_A3.pdf
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The joint Energy and Environment Technical Working Group (EETWG) Environment Assessment aims to quantify the 

impact of the fire on the ecosystem. The data will be critical to provide evidence-based recommendations to 

government stakeholders, site management and partners to improve site development plans and disaster 

preparedness plans to reduce disaster risk and rehabilitate the environment.  

 

Methodology 
Data was collected from the fire-affected areas of camps 8E, 8W and 9 in April 2021.  

 

Limitations 
Assessing the impact of fire on the environment was not the priority of the emergency response. Therefore, data 

collection did not take place until two to three weeks following the fire incident. During that time debris and ash had 

been cleared, temporary shelters re-established and waste removed. Early rains between the fire and data collection 

also reduced the ability to measure the effect of the fire on air quality, and may have influenced soil and water quality 

assessments. Water quality results highlight the effect of delayed sampling. The comparative analysis of water 

samples from sub-streams in the fire-affected areas and downstream host community areas found that fire-related 

pollution may have already washed downstream to the host community area and may have reached the River Naf 

estuary. According to Bay of Bengal Large Marine Ecosystem (BOBLE), this area is a sensitive marine zone that requires 

protection.3 Therefore, appropriate remediation measures cannot be enforced at the source for this fire. However, it 

highlights the need for partners to consider remediation measures after any future fires and mobilize faster data 

collection.  

Soil analysis results were also delayed due to the nationwide COVID-19 lockdown. Therefore, this report only includes 

preliminary results of this component and an updated version of the report will be shared once the results are 

prepared.   

As there is limited baseline data, this assessment should serve as a guidance document for planners and a potential 

baseline for any future studies.  

Objectives 

Table  1. Assessment methodologies 

 Sampling technique Sample size 

VEGETATION COVER Satellite and drone imagery - 

TREE CATALOGUING Transect walk Survey of all three camps 

WATER (see Annex 2) Purposeful sampling Eight samples 

POLLUTION 
Key informant interviews and secondary 

reports 
- 

SOIL (see Annex 3) Grid sampling (65m x 65m) 

585 samples (195 samples from three 

different depths: [i] 0-15cm; [ii] 15-30cm; 

[iii] >30cm)  

3. BOBLME (2013) Marine Protected Areas in Bangladesh - a framework for establishment and management BOBLME-2013-Ecology-04  
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The Rohingya camps located in Cox’s Bazar District face four primary natural hazards: flood, landslide, high wind 

(linked to air pollution due to suspended particulate matters) and drought. The fire-affected locations and adjoining 

camps are likely to experience increased risk of these hazards, primarily due to the loss of vegetation cover and lack 

of surface water availability, particularly during the dry season when fire related risk is highest. As previously 

mentioned, reductions in vegetation cover increase surface run-off and water-induced soil erosion, resulting in 

increased likelihood of downstream flooding, siltation of surface water bodies and drainage system and incidence of 

rainfall induced landslides. Additionally, wind hazards and the resulting air pollution has negative implications for 

human health. In order to understand the potential increased risk in the fire-affected area, there was also a need to 

understand what areas and shelters were already at risk prior to the fire.   

 

 

 

Hydraulic modelling4 overlaid on the January 2019 shelter footprint indicated that around 2,100 structures5 were at 

risk of significant flooding from a one in ten year rainfall event across the whole of camps 8W, 8E and 9. 

Approximately 1,070 of these were in the fire-affected area.6 

4. Flood modelling conducted by WFP/Deltares, 2019. Models do not consider subsequent mitigations. https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/

files/documents/files/reach_bgd_map_hydrodynamic_flood_model_kutupalong_v2.1_nov2019.pdf  

Shelter Exposure Maps, Camp 8E: https://www.impact-repository.org/document/reach/28d003f2/reach_bgd_map_flood_exposed_shelters_v1_Camp_8E.pdf ; Camp 8W: https://

www.impact-repository.org/document/reach/21dd553c/reach_bgd_map_flood_exposed_shelters_v1_Camp_8W.pdf ; Camp 9: https://www.impact-repository.org/document/

reach/523a0fd4/reach_bgd_map_flood_exposed_shelters_v1_Camp_9.pdf) 

5. It is not possible to delineate ‘shelters’ with the databases currently available. As such, ‘structures’ include all camp buildings (e.g. WASH facilities, shelters and buildings containing 

multiple shelters).  

6. For a breakdown of shelters in the fire-affected area, see REACH (2021): 

https://www.impact-repository.org/document/reach/78bacc69/REACH-BGD-Factsheet-NatHaz_April2021-Fire-Damage-Overview-Shelters-and-Populations.pdf  

Impact on the Environment 

Natural Hazards and Exposure 

Flood Hazards 
in fire-affected area at 

risk of flooding 

Figure 4. Structures exposed to flooding , REACH, 2021 

1,070 
structures 
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Prior to the fire, landslides were a common occurrence within the camps (Figure 5) and according to landslide maps, 

the northern area of Camp 9 had a high number of structures exposed to this hazard. The fire is likely to have 

intensified this risk as almost three-quarters of structures in the three camps were within the fire-affected area.7  

 

 

Cyclonic storms and heavy monsoon rains combined with the often temporary and exposed nature of shelters in the 

camp mean that wind and rain can cause significant damages within the camps.8 In 2020, wind and rainstorms fully or 

partially damaged around 3,400 shelters across camps 8E (1,389 shelters), 8W (1,894 shelters) and 9 (113 shelters).9  

7. Fire Damage Overview, REACH, April 2021, https://www.impact-repository.org/document/repository/78bacc69/REACH-BGD-Factsheet-NatHaz_April2021-Fire-Damage-Overview-

Shelters-and-Populations.pdf  

8. Wind Hazard Map. Sanders and Partners, UNDP, REACH.  2020.  https://www.impact-repository.org/document/reach/5abc4544/
reach_bgd_map_wind_hazard_nathaz_tf_april2020pdf.pdf  

9. Incident reporting data for camp 9 is likely to be an underestimate. 

Landslide Hazards 
shelters 

damaged by landslides in 

2020 in the fire-affected 

camps 

Figure 5. 2020 landslide incident data, Site Management  

Wind Hazards 

Figure 6. Structures exposed to wind, REACH 2021 

 

288 

https://www.impact-repository.org/document/reach/5abc4544/reach_bgd_map_wind_hazard_nathaz_tf_april2020pdf.pdf
https://www.impact-repository.org/document/reach/5abc4544/reach_bgd_map_wind_hazard_nathaz_tf_april2020pdf.pdf
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Drone images of the fire-affected area visibly capture the loss of vegetation cover (Figure 7). Camps 9, 8W and 8E 

were densely populated prior to the fire and were dominated by shelters and soil and vegetation were already 

impacted by human activities. Vegetation was, however, present between shelters and in plantation zones. IOM 

calculates 8.11 hectares of vegetation was lost due to the fire.  

 

Figure 8 depicts the change in vegetation cover following the fire overlaid on a hydrodynamic flood model10 and a 

landslide risked shelter density layer.11 Lost vegetation in flood prone and landslide exposed areas indicates an 

increased risk of those hazards. Lost vegetation is shown in pale green and the dark green represents the post fire 

vegetation in the affected camps. The vegetation extent from pre-fire was extracted from a 1.34 m WV3. Post-fire, it 

was extracted from a 0.50 m Pleiades (Airbus Foundation) image. With the pre-fire image, a supervised classification 

was carried out to identify all areas of vegetation coverage within the assessed area. Manual checks and corrections 

also took place, based on visible vegetation in 30 cm resolution drone imagery. The pre-fire and post-fire vegetation 

extents were compared to map out the lost and existing vegetation in the affected area.  

Vegetation and Canopy Cover 

Vegetation  

Figure 7(a). Areal imagery of affected camps before the fire | Figure 7(b). Areal imagery of affected camps after the fire  

10. Deltares and WFP, 2019  
11. Generated from landslide risked shelter footprint by IOM SMSD, 2020  
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Figure 8. Greenery lost in the fire-affected area  
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Plantation data of the last three years indicates that due 

to high settlement density, the fire-affected camps have 

been less forested compared to other camps.  However, 

the majority of trees in the affected area were severely 

burnt and required management action. Over 230 trees 

were surveyed and over half were highly charred at 

ground level (152 trees) and 1 meter above ground (151). 

The degree of char is linked to cambium health, which is 

an important factor to whether a tree will survive in the 

aftermath of a fire. Trees displaying high and medium 

char values were unlikely to regenerate and posed a 

safety risk by becoming widowmakers (Figure 9).12 On the 

other hand, the lightly charred trees were likely to 

regenerate and some had already developed visible 

sprouts (buds and leaves) from branches, trunks or from 

roots during the survey. 

Orange-brown powdery spores (Figure 10) were 

observed on the majority of fire-damaged trees. This a 

common phenomena following fires; incomplete 

combustion of the trees allows sap to remain and 

provides fungi a source of nutrients. Although the fungus 

was not properly tested, experts hypothesize it was 

Anthracobia melaloma.   

Community members expressed concern about burnt 

trees in the vicinity of their shelters, particularly in light 

of the impending monsoon and cyclone season. Although 

some trees have shown signs of regrowth, there is a 

possibility that if the bark was damage the tree would be 

more suspectable to insect attack. Therefore any  trees 

that pose a threat to shelters or other infrastructure 

should be pruned or stumped. In order to improve 

decision making around how to handle this potential 

human health hazard the results of the tree catalogue 

exercise have been shared with the relevant site 

management actors. 

Canopy cover  

Figure 10. Post-fire fungus growth on fire-damaged tree  

Figure 9. Highly-charred tree that has become a widowmaker  

12. A widowmaker is a limb, top, leaning tree that is in danger of falling to the ground without warning  

Figure 11. Camp-wise tree charring severity   
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Figure 12. Map of damaged trees in the fire-affected area 
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Water samples from eight different sites were collected on 12 April 2021 for analysis to determine the impact of the 

fire on water quality in the affected catchment and the broader watershed. 

 

Table  2. Comparative Analysis of Physio-chemical parameters of water samples collected from fire-affected camps 

Sample 

Point #  
Location  

GPS 
Characteristic of         

sampling points  

Water 

colour/ 

quality  

On site                    

Results  

Lab Test 

Results   Latitude Longitude 

01 

Sub block 

A14 

Main 

block B 

Camp 8W 

21.195953 92.158782 

A wide tertiary  drain beside 
the main road; drain with 
unstable banks, impermanent; 
waste water coming from 
surrounding burnt households; 
slow flow of water 

Blackish water 

with mud and 

lots of solid 

waste 

DO: 0.7 

pH: 7.3 

TDS: 690 

BOD: 99 

TSS: 2 

Nitrate: <1 

Turbidity: 415 

Phosphate: 2.05 

02 

Between 

A-18 and 

B-20, 

Camp 8E 

21.196507 92.159808 

Tertiary drain, impermanent; 
grey water coming from 
surrounding un-burned 
households; stronger water 
flow  

Turbid blackish 

water with 

mud and lots 

of solid waste  

DO: 1 

pH: 7.2 

TDS: 660 

BOD: 138 

TSS: 2 

Nitrate: <1 

Turbidity: 363 

Phosphate: 0.73 

03 
Block 38 

Camp 9 
21.194291 92.159700 

Tertiary semi-permanent drain 
beside the main road; grey 
water coming from 
surrounding burnt households; 
slow flow of water 

Turbid grey 

water with 

moderate 

amount of 

solid waste  

DO: 3.4 

pH: 7.4 

TDS: 670 

BOD: 25 

TSS: <2 

Nitrate: <1 

Turbidity: 201 

Phosphate: 1.92 

04 Camp 8E 21.194896 92.160780 

Tertiary drain; flows through 
hilly terrain; carries grey 
household uses; filled with 
solid waste 

Grey water 

DO: 0.4 

pH: 7.6 

TDS: 590 

BOD: 39 

TSS: <2 

Nitrate: 1.8 

Turbidity: 545 

Phosphate: 0.85 

05 Camp 9 21.190010 92.159484 
Wide drain channel; ongoing 
maintenance work of drain line 

Blackish water 

with moderate 

amount of 

solid waste 

DO: 2.9 

pH: 7.2 

TDS: 920 

BOD: 203 

TSS: <2 

Nitrate: 1.05 

Turbidity: 381 

Phosphate: 2.21 

06 

Market 

place 

Camp 9 

21.189740 92.161100 

Wider permanent drain in the 
marketplace; grey water 
coming from the market and 
surrounding households; 
stronger water flow 

Blackish water 

with muddy 

rubbish 

DO: 2.5 

pH: 7.4 

TDS: 860 

BOD: 84 

TSS: <2 

Nitrate: <1 

Turbidity: 461 

Phosphate: 1.48 

07 

Boundary 

side 

Camp 9 

21.188751 92.162401 
Sub-stream alongside Camp 9 
boundary, flows to Balukhali 
primary stream 

Blackish water 

with lots of 

solid waste 

DO: 1.8 

pH: 7.2 

TDS: 900 

BOD: 35 

TSS: <2 

Nitrate: 1.5 

Turbidity: 122 

Phosphate: 1.78 

08 

Balukhali 

primary 

stream 

Host area 

21.183714 92.163967 

This point of the stream 
connects with a sub-stream 
which flows directly into the 
fire-affected camps. Single-use 
plastic food boxes and packets 
accumulating at this point 

Blackish water 

with lots of 

single use food 

packets and 

boxes 

DO: 5.6 

pH: 7.1 

TDS: 10,170 

BOD: 12 

TSS: <2 

Nitrate: 168.52 

Turbidity: 53 

Phosphate: 0.65 

Water Quality Analysis 

Results  

UNHCR-CNRS has been monitoring surface water quality at five sampling points since 2019 as part of the Madhuchara  

watershed management scheme. The assessment team used data from Camp 7 and Madhuchara primary stream for a 

comparative analysis and included baseline data from November 2020, December 2020 and post-fire March 2021 data 

(collected between 29 and 31 March) to account for season-induced changes.  
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Camp 7 (Baseline Point 1) was selected as the comparative baseline for camps 8W and 8E. Madhuchara, the host 

community outlet point receives water through tributaries from camps 8W and 8E as well as through tertiary streams 

in Camp 7. Sources of regular pollution are homogenous in the camp area and the water carried out by both 

Madhuchara and Balukhali to the host community area are quite uniform under general conditions. Following the fire, 

it was apparent that a certain level of impact reached Madhuchara primary stream through linking tributaries. Using 

Baseline Point 1, Figure 13 outlines the pre- and post-fire differences in water quality. Unfortunately there was no 

baseline data for the Camp 9 catchment (Figure 14). 

Table  3. Regular water quality monitoring data set as baseline for comparative analysis of pre and post fire incident 13 

November 2020 (pre-fire) December 2020 (pre-fire) March 2021 (post-fire) 

Parameters Camp 7             

(Point 1) 

Madhuchara        

(Point 2) 

Camp 7             

(Point 1) 

Madhuchara        

(Point 2) 

Camp 7             

(Point 1) 

Madhuchara         

(Point 2) 

BOD (mg/l) 10 12 11 15 31 28 

Turbidity (NTU) 70 60 90 70 153 325 

Salinity (mg/l) <100 190 200 580 580 12,570  

TDS 900 1,100 870 900 640 10,530 

pH 6.7 6.9 7.2 6.9 7.5 7.4 

DO 4 5 3 3.8 4.5 6 

Figure 13 indicates that Biological Oxygen Demand (BOD), turbidity and pH level increased following the fire incident. 

This was especially true for the BOD and turbidity levels, which were considerably higher than the baseline data. The 

Dissolved Oxygen (DO) level, however, significantly decreased following the fire. Deviation was minimal for the Total 

Dissolved Solids (TDS) level. The graphs in Figure 14 show the BOD, turbidity, TDS, DO and pH levels at four points in 

Camp 9.  

Figure 13(a). Comparative analysis of BOD, Turbidity, TDS  | Figure 13(b).  pH & DO between baseline point 1 (Camp 7) and one 

point in Camp 8W and two points in Camp 8E 

13. Source: UNHCR-CNRS Environment Component: Water Quality Monitoring Data 2020 & 2021  
It should be noted that from initial field visits the team found no damaged septic tanks or toilets from where faecal matter was spilling and so FC presence in stream water was not considered a 
parameter in this assessment which exclusively looked at the impact generated from the fire incident.  
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Figure 14(a). Comparative analysis of BOD, Turbidity, TDS | Figure 14(b). Comparative analysis of pH and DO  

In the Madhuchara primary stream, Total Dissolved 

Solids (TDS) increased post-fire. Comparing the baseline 

data with the post-fire March data, TDS increased almost 

11 fold (10,530 mg/l). Despite low velocity flow of the 

sub-streams, it appeared that TDS accumulated 

downstream following the rains. High TDS values indicate 

the presence of DO and inorganic impurities following a 

fire, such as burned ash, solids, silt and clay particles.14 At 

the time of data collection, TDS levels in downstream 

locations were not acceptable as they were higher than 

the 500 mg/l threshold defined by the World Health 

Organization (WHO) in 1984. 

Unlike TDS, Total Suspended Solids (TSS) values for all 

the sampling points were roughly 2 mg/l and within the 

limit set by the Department of Environment.15 Turbidity 

was, however, found to be three to five times higher at 

the regular sampling points in Camp 7 and Madhuchara 

primary stream after the fire incident compared to the 

baseline. Even after the heavy rainfall, turbidity of water 

were high for most of the water samples collected from 

the fire-affected camps compared to the comparison 

sites, with the highest in Camp 8E and Camp 9 

respectively. Turbidity levels reached 545 NTU compared 

to 60-70 NTU in the baseline data set. This finding 

correlates with the TSS and TDS findings; high turbidity 

was mostly due to dissolved solids produced by the fire. 

Before the March rains, the turbidity level in the water 

sample of Madhuchara primary stream was high. 

However, after the rainfall there was a drop in turbidity 

in the water sample of Balukhali outlet indicating that 

the load of total solids generated from the fire incident, 

specifically from Camp 9, had already been washed out 

from the assessment area.16 This is likely to be why the 

turbidity of the very downstream point in the 

Madhuchara primary canal came out to be higher than 

November and December levels. Turbidity detected in 

the water during the assessment period is residual and 

expected to eventually washout to the downstream with 

the next heavy rainfall. High turbidity reduces sunlight, 

thus resulting in reduced rates of photosynthesis of 

submerged vegetation. Aquatic plants fix carbon dioxide 

and release oxygen; thus, reduced vegetation growth 

also contributed to lower DO concentrations.  

Compared to the baseline data, the DO values for all 

sampling points in the fire-affected camps were low, with 

the lowest a mere 0.4 at sampling point four in Camp 8E.  

Generally, aquatic life requires 5-6 mg/l of dissolved 

oxygen in river water to survive.17 Therefore, the 

majority of aquatic flora and fauna was lost as the DO 

level dropped well below this concentration. Several 

hypotheses could be attributed to the low concentration 

of DO. First, the release of solid particles (e.g. ash) into 

the water during the fire may have lowered DO levels in 

the water by increasing turbidity. Second, fire and 

14 Das, M., Ahmed, M.K., Islam, M.M., Akter, M.S., Islam, M.S. and Mansur, M.A., (2010). Heavy metal concentrations in industrial effluents (Tannery and Textile) and water of adjacent 

rivers. Terrestrial and Aquatic Environ. Toxicol, 4(1), pp.8-13.  

15 The Environment Conservation Rules Bangladesh, 1997 (E.C.R, 1997) 

16 Results are coherent with the actual situation as samples were collected while affected sites were still being cleaned and such processes contributing to turbidity.  

17 Lehigh Environmental Initiative, https://ei.lehigh.edu/envirosci/watershed/wq/wqbackground/dobg.html; Dissolved Oxygen factsheet, ENR Government of Canada), https://

www.enr.gov.nt.ca/en/resources?search_api_views_fulltext=Dissolved+oxygen&sort_by=field_resource_publication_date&sort_order=DESC 

 

Findings 
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regular ambient temperatures may have decreased DO 

levels; the solubility of gas in the water decreases as the 

temperature rises.18 Thus, DO naturally decreases during 

the dry season and increases during the wet season, a 

necessary process for healthy growth of fish and other 

microbial populations.19 Third, average Biological Oxygen 

Demand (BOD) in the affected camps compared to the 

baseline sites more than doubled after the fire, reaching 

as 203 at sampling point five in Camp 9 and 138 at 

sampling point two in Camp 8E. The increased availability 

of organic matter in water bodies may have increased 

vegetation or microbial populations, thus depleting DO. 

High levels of BOD supports this hypothesis as high rates 

of oxygen consumptions leads to release of noxious 

gases and results in a hypoxic environment.20,21 

One concerning finding was the amount of nitrate 

present in the downstream area of Balukhali canal 

following the fire, specifically 168.2 mg/l. For reference, 

the maximum permissible amount of nitrate in surface 

water according to WHO is 50 mg/l for bottle-fed infants 

whether the formula is reconstituted with contaminated 

water. Nitrogen based compounds increase immediately 

following a fire, and then decline as vegetation re-

establishes.22 Nitrate levels in the majority of the fire-

affected area was low; however, nitrate appears to have 

washed downstream following the rains after the fire.  

High levels of nitrates has consequences for human and 

environmental health. Excessive intake of nitrate can 

cause methemoglobinemia or blue baby syndrome in 

children.23 Thus, if children consume or are exposed to 

the canal water, it may result in health hazards. 

However, the health risk is dependent on the 

concentration of nitrate and the duration of the 

exposure. Although the surface water bodies are likely 

not a source of drinking water for the community, the 

groundwater should be tested and the community 

should be informed of the high nitrate levels to ensure 

that this water is not used for consumption. High nitrate 

concentrations also imbalance the aquatic ecosystem by 

boosting algal and plants growth, which, over a long 

period of time may result in eutrophication. 

Eutrophication is a process in which high rates of 

vegetation reduces the level of DO until the water body 

cannot support aquatic life.24 

All sampling points had slightly basic pH levels compared 

to the baseline data. However, all pH findings fit with the 

Department of Environment threshold: 6.5 to 8.5. The 

assessment team hypothesized that the burned shelters 

(e.g. bamboo and plastic) and deployed monoammonium 

phosphate extinguishers would have altered the pH to a 

greater extent, however, the pH remained neutral. One 

hypothesis is that equal release of nitrate (basic) and 

phosphate (acidic) into the water balanced the pH.25 

Salinity was particularly high at the Madhuchara primary 

stream which receives water directly from camp 8E, 8W 

and 7. In November 2020, salinity was less than 100 mg/l 

in Camp 7 whereas at downstream Madhuchara canal it 

was around 190 mg/l. After the fire, the salinity of water 

in Camp 7 increased around six times and in the 

Madhuchara primary channel salinity increased to 12,570 

mg/l. From this, it could be assumed that similar 

magnitude of impact reached the Balukhali primary canal 

through the tributaries flowing through Camp 9. Similar 

to the nitrates, mineral-based substances produced 

during the fire appear to have been washed downstream 

to the Balukhali canal with rainwater. Salinity 

concentrations are naturally high during the dry season, 

especially during February and March, as the levels of 

water in water bodies is less and so the amount of salt 

per unit is increased. The soil assessment also confirmed 

that the topsoil of the area was affected and scrapped 

out in the rehabilitation effort which may have been 

another contributing factor. The Balukhali area is an 

active tidal zone which could also be a contributing 

factor. As the incident happened during dry season when 

tides are relatively lower, the washout is comparatively 

lesser than wet season and pollution load at the 

downstream has the potential to persist for longer. 

High salinity adversely effects the environment and 

agriculture production. In the host community, water 

from both the Madhuchara and Balukhali canals is used 

for irrigation and if it has high salinity may negatively 

influence production and livelihoods. Additionally, if 

salinity in riverine ecosystems exceeds 1,000 mg/l, 

aquatic organisms are negatively affected and may result 

in the loss of biodiversity as only salt-tolerant species will 

be able to thrive.26  

18 Patil, P. N., Sawant, D. V., & Deshmukh, R. N. (2012). Physico-chemical parameters for testing of water-a review. International Journal of Environmental Sciences, 3(3), 1194.  

19 Singh, H.P., Choudhry, M. and Kalekaur, V., (1982). Seasonal and diurnal changes in physico-chemical features of the river Brahamputra at Guwahati. Indian Journal of Zoology, 2, pp.77-84.  

20 Song, Z., Williams, C.J. and Edyvean, R.G.J., (2000). Sedimentation of wastewater. Water Research, 34(7), pp.2171-2176.  

21 Mwinyihija, M., Meharg, A., Dawson, J., Strachan, N.J. and Killham, K.,(2006). An ecotoxicological approach to assessing the impact of tanning industry effluent on river health. Archives of 

environmental contamination and toxicology, 50(3), pp.316-324.  

22 Ranalli, A.J. (2004). A Summary of the Scientific Literature on the Effects of Fire on the Concentration of Nutrients in Surface Waters. USGS Open File Report 2004. 1296.  

23 Masime Jeremiah, O., Ruth, W., Jane, M., & Charles, O., (2013) A Comparison of the Levels of Nitrate, Nitrite and Phosphate in Homemade brews, Spirits, in Water and Raw Materials in Nairobi 

County Using UV-Visible spectroscopy.  

24 WRIG, 2020.http://www.wheatleyriver.ca/media/nitrates-and-their-effect-on-water-quality-a-quick-study. Last accessed on the 2nd April,2021. 

25 Sham, C. H., Tuccillo, M. E., & Rooke, J. (2013). Effects of wildfire on drinking water utilities and best practices for wildfire risk reduction and mitigation. Water Research Foundation. 16 

26 Nielsen, D. L., Brock, M. A., Rees, G. N., & Baldwin, D. S. (2003). Effects of increasing salinity on freshwater ecosystems in Australia. Australian Journal of Botany, 51(6), 655-665 .   
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Based on key informant interviews with the Site 

Management Site Development Sector (SMSD) and 

Migrant Offshore Aid Station (MOAS) staff, water was the 

primary extinguishing agent followed by a 

monoammonium phosphate-based fire extinguisher. 

According to the Disaster Management Units, the fire in 

Camp 8E was controlled primarily with water, followed 

by 150 discharged ABCE fire extinguishers. Additionally, 

UNHCR reported refilling 600 ABCE fire extinguishers 

after they were deployed by volunteers. Generally, the 

ABCE fire extinguishers hold 4 kg of powder. Based on the 

anecdotal evidence, approximately 3,000 kg of 

monoammonium phosphate was released into the 

environment.  

Monoammonium phosphate is a common fertilizer that is 

water soluble and moderately acidic. Upon dissolution in 

water, it transforms into ammonium and phosphate, two 

important nutrients for plant growth. The substance is 

not toxic nor carcinogenic, however, it can cause mild 

irritation of the eyes, ears and nose when humans are 

exposed in high doses. The release of high concentration 

of monoammonium phosphate into the environment 

could have direct and indirect implications for soil and 

water health; monoammonium phosphate changes the 

pH of the soil and water and may alter the nutrient 

balance in surface water bodies, thus boosting aquatic 

plant growth. On the other hand as a common fertilizer 

this could also help boost plant growth in the fire-

affected areas. Nutrient analysis is currently being 

conducted so it is still to be seen whether there was a 

boost in nutrient levels in the fire-affected areas. 

The water analysis found increasing amounts of 

phosphate stimulate plant growth in rivers and streams. 

This can lead to excessive growth of plants and algae, 

that can turn into eutrophication causing scarcity of food 

for aquatic lives. The permissible amount of phosphate 

is 6 mg/l in surface water. The parameter-phosphate 

showed satisfactory results for all of the sample sites 

since it ranged from 0.85-2.5 mg/l. The phosphate level 

at the Balukhali primary stream was even lower at only 

0.65 mg/l. Hence, it can be said that no threats from 

excessive presence of phosphate have been detected in 

the analysis of water samples. Additionally, the pH of the 

water was neutral, so the extinguisher did not have any 

long-term effects of the chemical balance of the water.   

Partners responded immediately to the food needs of 

fire-affected populations by distributing over 1.4 

million cooked lunches and dinners and 60,000 dried 

food snacks. During the first week following the fire, 

meals were packaged in styrofoam boxes that were 

subsequently disposed of throughout the camp.  In 

response to this growing waste management issue, 

partners transitioned to more recyclable/reusable 

packaging at the distribution points and hot food 

kitchens, such as aluminium (which could be reused) 

and paper boxes (which decompose). At least 750,000 

styrofoam packages were, however, used before this 

switch with many found downstream of the Balukhali 

river. While the effects on the environment are not 

immediately known, they are likely negative 

consequences for aquatic ecosystems as additional 

waste, beyond regular household waste, accumulated 

in both the camps and landfill sites.  

Response Related Pollution 

Fire Extinguishers 

Food Packaging 
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Waste and debris was generated from the fire itself, 

with only a proportion recyclable and of value. 

Around 1.7 metric tons of scrap metal were 

collected, sorted and transported to the landfill and 

given to local dealers. Over 200 metric tons of other 

scrap materials (including metal and tin, plastic and 

aluminium) was collected in the camps directly by 

dealers or indirectly by the Rohingya themselves.27 

Valuable assets sold included damaged but 

salvageable waste and water infrastructure, such as 

water pumps. However over 3,174 m3 of non-

valuable waste was disposed of at the landfill after 

collection, segregation of organic material and 

recovering soil for other purposes.28 The need to 

segregate waste from soil caused additional 

challenges. Over 15,000 kg of mixed household 

waste was generated from households living in this 

area after the fire. While these households would 

have generated a similar quantity of waste in normal 

circumstances, the loss of the regular management 

system resulted in increased pollution and waste in 

public spaces, primarily drains. 

Waste Infrastructure 

27 UNDP/Practical Action, 2 May 2021 

28 UNDP/BRAC, 2 May 2021 
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Preliminary Findings 

A total of 168 sampling points are considered to describe the preliminary physio-chemical properties of fire-affected 

camps. These sampling points also considered the sampling depth viz. 0-15 cm, 15-30cm and >30 cm. The mean values 

of all the parameters is presented in Table 4. 

 

Preliminary Soil Analysis 

Table  4. The mean value of different physio-chemical properties of soil 

Fire-affected camp 

Parameter 

Camp 9 Camp 8W Camp 8E 

Sampling Depth (cm) 

0-15 15-30 30+ 0-15 15-30 30+ 0-15 15-30 30+ 

pH 5.92 5.25 5.19 5.91 4.86 4.74 5.78 5.23 5.21 

EC (µS/cm) 179.13 129.24 116.86 154.86 123.43 114.94 170.49 107.46 79.52 

OC (%) 0.51 0.47 0.45 0.51 0.50 0.45 0.46 0.44 0.34 

OM (%) 0.88 0.81 0.76 0.89 0.86 0.77 0.79 0.76 0.58 

Bulk Density 1.62   1.65   1.70   

Soil Water Repellence  

Initial soil water repellence results indicate that 

about 75 percent of soil showed insignificant 

repellent properties. In most cases soils properties 

are dominated by heavy sand and soils are very 

dry and hard at surface level. Water drops made a 

spherical shape on the soil surface and infiltrated 

within a second, indicating limited repellence. 

Fires commonly result in a hydrophobic layer on 

the soil surface, although the degree of repellence 

depends upon the temperature of the burn. One 

hypothesis for the lack of hydrophobicity is that 

the burned ground was mostly cleared shortly 

after the fire, removing the initial layer of ash and 

soil. 

It should, however, be noted that the soil 

repellency may have been effected by the rains 

following the fire. Heavy rain can increase 

moisture content and result in crust formation in 

the soil which reduces infiltration and increases 

runoff.29
 

In the fire-affected area, the hypothesis remained that 

air, water, soil and plants were affected including the 

microorganisms of the soil, soil seed banks, and soil 

nutrients. Considering the burn intensity and the 

scale , it is apparent that a major rehabilitation 

initiative is needed to improve the soil conditions.  

For a better understanding the condition of the soil 

component and to initiate the restoration work, FAO 

has been engaged in the recovery efforts with and 

conducted a complete assessment of soil in the fire-

affected camps. This analysis is intended to guide the 

immediate rehabilitation and future longer-term 

restoration of the natural ecosystems.   

This preliminary partial report sheds lights on some 

specific parameters (pH, Texture, bulk density, EC, OC 

and OM). Since this is work in progress, the remaining 

parameters will be analysed by the end of May 2021, 

and the full report will be available by mid-July 2021  

29 Larsen IJ, Mac Donald LH, Brown E, Rough D, Welsh MJ, Pietraszek JH, et al. Causes of post-fire runoff and erosion: Water repellency, cover, or soil sealing?. Soil Sci Soc Am J. 2009;73(4):1393-

407.)  
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Texture 

The overall soil texture of the study area is sandy loam with a range of 53.52 to 79.52 percent sand, 6 to 30 percent 

silt and 10.48 to 18.48 percent clay. However, soil textures of the sampling sites found to vary among loamy sand, 

loam, sandy clay loam, sand and clay loam. 

Taking into account of all the samples, sandy loam textural class was observed and common in the fire-affected 

camps. Collected samples have 40 percent sandy loam textural class whereas Camp 8E have 43 percent, Camp 8W 44 

percent and Camp 9 36 percent sandy loam textural class respectively. This is due to the predominance of sand 

particles in the study area. 

Bulk density  

Comparatively mean higher bulk density of soil was observed in Camp 8E (1.70 g/cc) and the lowest (1.53 g/cc) was 

observed in Camp 9. However, mean bulk density of fire-affected camp varied from 1.62 to 1.70 g/cc. This was due to 

compaction of soil during construction of the settlement and the sandy nature of the soil. Higher bulk density (above 

1.63 g/cc for sandy loom soil) reduces soil porosity and indicates compacted soil condition which affects plant root 

growth and penetration.30  Bulk density data observed in this study is in line with that found by Mahmood et al (2021). 

Organic matter  

Organic matter (OM) is one of the major soil components that stores plant nutrients. Figure 15 depicts the current 

scenario of organic matter status of soil in the camp areas. The OM status was low in the study area due to the human 

induced intervention especially construction of settlement. It was notable that organic matter may decrease with the 

increase of soil depth. The observed result aligns with general rule of thumb as topsoil was removed during the 

settlement process.   

 

 

 

 

 

 

 

pH 

Soil reaction (pH) indicates the acidity and/or alkalinity of soil. In general, soil pH in Ukhiya Upazila is acidic in nature.31 

The mean value of pH in the studied soil varied from acidic (<5.5) to slightly acidic (5.5-6.4) according to the 

classification of the Bangladesh Agriculture Research Council (BARC) Fertilizer recommendation guide (Table 2). The 

observed highest mean value of pH in the fire-affected camp was 5.92 and the lowest was 4.74 (Fig.2). There was no 

significant variation of pH among the camps in when comparing soil depth.   

Figure 15. Mean OM status of the study area 

30 Soil Quality kit Guides for Educators for Soil Bulk Density/Moisture/Aeration developed by United States Department of Agriculture (USDA) Natural Resources Conservation Services Soil  

31 BARC,. 2018. Fertilizer Recommendation Guide-2018. Farmgate, Dhaka, Bangladesh 
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Table  5. Grading of soil according to pH 

Soil1 Soil pH Soil2 Soil pH Soil3 Soil pH 

Very strongly acidic soil <4.0 Very strongly acidic soil 4.0-4.7 Acidic soil <5.5 

Strongly acidic soil 4.0-4.9 Strongly acidic soil 4.7-5.2 Strongly acidic soil 5.5-6.4 

Moderately acidic soil   5.0-5.9 Medium acidic soil 5.2-5.9 Practically neutral soil 6.5-7.5 

Slightly acidic soil 6.0-6.9 Moderately acidic soil   5.9-6.6 Slightly alkaline soil 7.6-8.4 

Neutral soil 7.0 Slightly acidic soil 6.6-7.0 Alkaline soil >8.5 

Slightly alkaline soil 7.1-8.0 Neutral soil 7.0   

Moderately alkaline soil   8.1-9.0 Slightly alkaline soil 7.0-7.5   

Strongly alkaline soil 9.1-10.0 Medium alkaline soil 7.5-8.2   

Very strongly alkaline 

soil 

>10.0 Strongly alkaline soil 8.2-9.0   

1. N. C. Brady. 1990. The Nature and Properties of Soils. 10th edition. Macmillan pub. co., Manila 

2. PPI, 1983. Soil Fertility Manual. Potash and Phosphate Institute, Atlanta 

Figure 16.  Soil pH 
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Electrical Conductivity (Ec) 

Electrical conductivity measures the salinity of a soil. The mean value of Ec in different fire-affected area was 79.52 

(µS/cm) and 179.13 (µS/cm) respectively, which indicates non salinity. According to Huda and Chowdhury (2018), the 

mean Ec value of the observed data was <217 µS/cm, which was also low. It is worth mentioning that soil depth may 

influence the Ec value, but overall the findings were all classified in the same group i.e. low. 

 

Figure 17.  Electrical Conductivity findings 

Table  6. Reference value 

Soil Parameter  

Reference Value  

Source  
Low Medium  High 

Ec (µS/cm)  <217 217-274 >274 Huda and Chowdhury (2018 

Huda, M.K., Chowdhury, M.A.M., 2018. Nutrient status of soil and regenerated Garjan (Dipterocarpus turbinatus Gaertn.) seedlings in Dulahazara 

Garjan Forest, Cox’s Bazar, Bangladesh. Jahangirnagar Univ. J. Biol. Sci. 7 (2), 79–88. 

Disclaimer: This report is a preliminary analysis finding from 

the laboratory.  It should not be used as a reference. 
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Conclusion and Recommendations 

RECONSTRUCTION & RECOVERY  

TREES. Stump or prune highly and medium charred 

trees in precarious locations, particularly trees that pose 

a danger to shelters and residents. The stump should 

remain to allow root structure to reduce the rate of soil 

erosion and the risk of landslides. All tree removals 

should be done in consultation with the Bangladesh 

Forest Department and it would be advantageous if they 

can send foresters to mark tree to be cut and removed 

and distinguish them from those that may survive and 

advise on which trees to replant. Reforestation efforts 

should focus on the sites where trees have been 

removed, and should align with FAO’s Restoration 

Guidelines for the Fire-Affected Rohingya Camps 

(April 2021).  

SOIL STABILIATION. Soils infiltration rate remained 

high despite the fire, therefore surface run-off is not 

likely to increase in the fire-affected area. However, most 

of the area is dominated by sandy soil that has low 

aggregation properties and is highly susceptible to 

washout. In order to stabilize the soil, EETWG 

recommends prioritizing biological land stabilization 

using the FAO Restoration Guidelines.  

WATERSHED MANAGEMENT. Holistic watershed 

management is required to improve the health of the 

environment. In addition to stream rehabilitation, 

riparian plantation, bank and slope stabilization and 

creation of reservoirs, nature based silt traps should be 

introduced to retain water, decrease introduction of 

contaminants. Silt traps effectively reduce siltation, thus 

minimizing turbidity and preventing mobility of 

hazardous chemicals and fertilizers by binding them with 

suspended solids. For example, Canna indica (Kolaboti) 

has the ability to absorb pollutants from grey water. In a 

pilot project that constructed a wetland filled with 

Canna indica, UNHCR-CNRS found that faecal coliform 

reduced by 71 percent, BOD by 41 percent, TDS by 25 

percent and nitrate by 30 percent from the grey water 

flowing through the drain channels. As reconstruction 

and recovery continues in the affected camps, nature-

based solutions should be introduced to improve water 

quality and downstream watershed health. If effective in 

the affected camps, these measures can be introduced 

across the camps.  

EMERGENCY PREPAREDNESS  

FOOD PACKAGING. In order to reduce the use of 

non-recyclable or non-biodegradable food packaging, 

partners are recommended to pre-position stocks of 

environmentally friendly containers. Partners are 

additionally recommended to stock hot kitchen kits for 

immediate deployment following an emergency. Hot 

food kitchens decreased the rate of rejected meals, thus 

reducing food waste and ensuring that households 

received adequate calories and nutrition during the 

response.  Ultimately food distributions should include a 

strong waste collection section. 

SOLID WASTE MANAGEMENT. SWM investments 

are required, from establishing a systematic process to 

segregate waste to building a sanitary landfill with the 

capacity to absorb waste from an unforeseen emergency. 

For proper management of the landfill, it is advisable to 

segregate and recover material such as organic, soil, 

valuable metals and plastics before landfilling. Identifying 

land prior to an emergency where waste can be easily 

removed from the affected camps to ensure proper 

waste segregation and maintain a hygienic camp. 

Establishing a contingency plan will ensure that waste 

can be managed effectively and efficiently despite the 

loss of infrastructure or disruption to the system.  

Building upon the EETWG advocacy note, the assessment provided the underlying data required to make evidence-

based decisions for government, site management and implementing partners restoring the camps. In the aftermath 

of the fire, it became evident recovery and preparedness efforts should integrate environment concerns. During the 

reconstruction process, environmental best practices can be integrated to reduce disaster risk and improve ecosystem 

services within the camps. Preparedness activities should also consider environmental safeguards to ensure that the 

response does not result in pollution and other forms of contaminations. For example, the lack of an emergency solid 

waste management system resulted in the introduction of pollution into surface waterbodies, which had implications 

for downstream ecosystems. EETWG will work with site planners, site management and emergency preparedness and 

response partners to provide an environmental perspective for reconstruction and preparedness plans. 

https://mcusercontent.com/79c0b81b4702d7bad4b431a3e/files/9c64d0a2-f921-b181-4f31-86c08eb680d7/Restoration_Guidelines_for_the_Fire_Affected_Rohingya_Camps_FAO.pdf
https://mcusercontent.com/79c0b81b4702d7bad4b431a3e/files/9c64d0a2-f921-b181-4f31-86c08eb680d7/Restoration_Guidelines_for_the_Fire_Affected_Rohingya_Camps_FAO.pdf
https://mcusercontent.com/79c0b81b4702d7bad4b431a3e/files/9c64d0a2-f921-b181-4f31-86c08eb680d7/Restoration_Guidelines_for_the_Fire_Affected_Rohingya_Camps_FAO.pdf
https://fscluster.org/sites/default/files/documents/eetwg_advocacy_note_for_fire-affected_camps.pdf


Annex 1: Burn Area Index Methodology  

Map 1 was generated using the Airbus Defence and Space Pleiades multispectral imagery captured on 23 March 2021. This was donated by 

Airbus Corporation to WFP following the fire incident. The Pleiades satellite provides orthorectified colour data at 0.5-meter resolution and 

features four spectral bands (blue, green, red and IR).  

The initial extent of the fire was generated using the Burn Area Index (BAI), defined by Martin (1998) specifically to discriminate fire-

affected areas. This index highlights burned land in the red to near-infrared spectrum, by emphasizing the charcoal signal in post-fire 

images. The index is computed from the spectral distance from each pixel to a reference spectral point, where recently burned areas 

converge. 

 

Where ρcr and ρcnir are the red and near-infrared reference reflectances, respectively, and ρr and ρnir are the pixel reflectances in the 

same bands. Values of ρcr and ρcnir were defined as 0.1 and 0.06, respectively, based on literature and analysis of several sets of satellite 

sensor images.  

To visually identify the burn scars better, Map 2 considers the pre-fire and post-fire scenarios. Two Sentinel-2A 10 m resolution 

multispectral imageries respectively captured on 19 March and 24 March was considered for the analysis. The BAI was run on both images 

and the temporal variance of BAI values (difBAI) was analyzed by subtracting the postfire BAI (24march_BAI) from pre-fire BAI 

(19march_BAI).  

 

This variance in BAI shows the high variability of pixel values with the scorched areas and the burn scars become distinguishable visually. 



There will be two types of tests conducted during the monitoring process. One is an on-site test and the other one is a lab test.  

1. On site test: pH, DO, TDS will be tested on-site using portable devices Dissolved Oxygen meter (DO-5509), TDS5031 and pH5011. 

2. Lab test: Collected samples will be sent to NGO forum/BORI Cox’s bazar lab for testing BOD, TSS, Nitrate, Phosphate and 

Turbidity.   

BOD: Organic substances consumed by the bacteria and other microorganisms are broken down into simple compounds. During this 

process Dissolved oxygen is consumed from the water (Metcalf et. al. 2003). The need for oxygen is called Biochemical Oxygen Demand 

(BOD). This parameter will help to find out the change in oxygen level of the water due to the presence of organic compounds after the 

incident. (test method: 5day BOD test) 

pH: pH of water is a measure of how acidic /basic any water source is. Acidic water contains excessive hydrogen ions and basic water 

contains excessive hydroxide ions. Higher pH in water helps to increase the oxygen level. Lower pH water indicates presence of dissolved 

metals and other substances (Alley, 2007).   

DO: DO means dissolved oxygen, DO supports the survival and well-being of aquatic flora and fauna. The higher the concentration of DO, 

the better the water quality.  

TDS: TDS means total dissolved solids in water (APHA-AWWA-WPCF., 1981). Water can be classified by the amount of TDS per liter as 

follows: freshwater: <1500mg/l, brackish water: 1500-5000mg/l, saline water: 5000mg/l 

TSS: The suspended particles absorb heat from the sunlight, making turbid waters become warmer, and so reducing the concentration of 

oxygen in the water. Additionally, pollutants such as bacteria, nutrients, pesticides, and metals may attach to TSS particles on the land and 

be carried into water bodies with storm water. In the water, the pollutants may be released from the sediment or travel farther 

downstream (Murphy, 2007).  (Test method: Dried at 103-105 degree Celsius) 

Nitrate: Nitrate is a compound of nitrogen. The presence of normal levels of nitrates usually does not have a direct effect on aquatic insects 

or fish.  However, excess levels of nitrates in water can create conditions that make it difficult for aquatic insects or fish to survive. Algae 

and other plants use nitrates as a source of food. Eutrophication will be caused by the presence of excessive amounts of nitrate in the 

water bodies (WRIG,2020). (Test method: Potentiometry) 

Phosphate: Phosphate is the compound of phosphorus. The main source of phosphate in wastewater are the human excreta, household 

detergents, and soaps. This is a potential cause of Eutrophication in the water bodies. (Test method: Potentiometric) 

Turbidity: It is a measure of the ability of light to pass through water which is caused by suspended material such as clay, silt, organic 

material, and other materials of water. High turbidity can block light from reaching submerged vegetation. As the amount of light passing 

through the water is reduced, photosynthesis slows down. Reduced rates of photosynthesis cause less dissolved oxygen to be released into 

the water by plants. (Test method: Nephelometric)  

Testing points: 

Point 1 is in the major affected zone of Camp 8W 

Point 2 is the at the probable outlet of Camp 8E & 8W 

Point 3, 5, 6 and 7 are in the major affected zone of Camp 9 

Point 4 is in the major affected zone of Camp 8E 

Point 8 is outside the camps, to find out the impact on Balukhali 

Under the regular water quality monitoring of Madhuchara 

watershed, UNHCR-CNRS has data for two proximate locations to the 

fire-affected site: 

Camp 7: Fecal Coliform, E.Coli, BOD, Turbidity, Salinity, DO, TDS, pH  

Balukhali: Fecal Coliform, E.Coli, BOD, Turbidity, Salinity, DO, TDS, pH 
 
These data for some of the parameters can serve as an approximate 
baseline for the proposed water quality assessment. 

Annex 2: Water Quality Methodology  



I. Objectives 
The major objectives of the soil sample analysis in the fire-affected areas: 

1. Identify the status of soil based on current profiling and composition 

2. Develop a well-documented database to compare with other soils of similar category 

3. Prepare an appropriate restoration plan for the sites 

4. Monitoring and documenting the changes over time to depict the long term success 

II. Methodology 
2.1. Sampling design 

Location: Kutupalong Rohinga Camp (Fig.1) 

Sampling technique: Grid Sampling (65 m X 65 m) 

Sampling is done basically focusing on the burned areas. Samples are collected from 195 predetermined coordinates avoiding permanent 

structures having 3 depths i.e. 0-15, 15-30 and > 30 cm. Sampling units (50 nos.) in the area boundary line will be discarded because of very 

limited fire affect in the boundary.  So, the total number of sampling will be 145 (no. of samples) X 3 (depth) = 435.  

Annex 3: Soil Quality Methodology  

Figure 1. Sampling location (Kutupalong camp) 



Layers of soil sampling: Three sampling layers will be considered as of the depths of soils which are as follows: 

• 0-15 cm 

• 15-30 cm 

• >30 cm 

Soil parameters to be analyzed: 

• Texture, Bulk Density, N, P, K, S, pH, EC, OM & MBC,  for 0-15 cm. 

• OC, pH, EC for 15-30 cm 

• OC, pH, EC for >30 cm  

• Presence of heavy metals (Cd, Cr, Pb, Zn, Fe, As, Ni, Hg) 

Other parameters to be analyzed: 

• Presence of micro-plastics  

• Status of soil seed bank  

2.2. Instruments 

Following instruments required for soil sampling: 

 

 

 

 

 

 

 

 

2.3. Methods of determination  

The physical, chemical and biological parameters were selected for the study and their methods of determination are given below: 

 Parameters Method References 

Soil parameters (physical, chemical & biological) 

Texture Hydrometer method Piper, 1950 

Bulk Density Core sampling method Cresswell and Hamilton, 2002 

pH Glass electrode pH meter 

(1:2.5 soil water ratio) 

McLean, 1982 

  

EC Electrical Conductivity Meter (1 : 5 soil-water ratio) HANNA Model HI 933100 

OC Walkley-Black chromic acid wet oxidation method Walkley and Black, 1934 

N Micro-Kjeldahl method Bremner and Mulvaney, 1982 

P 0.5M NaHCO3, pH 8.5 

(neutral & calcareous soils) 

0.03N NH4F+0.025 N HCl 

(acidic soils, <pH 6.0) 

Olsen and Sommers, 1982 

Bray and Kurtz, 1945 

(Ascorbic acid blue color method) 

K NH4OAc (1N) extraction, pH 7.0 Barker and Surh, 1982 

  

S CaCl2 extraction (Turbidity method) Fox et al., 1964 

Heavy metals (Cd, Cr, Pb, Zn, Fe, As, 

Ni, Hg) 

Acid digestion & ICP-MS - 

MBC K2SO4 extraction & Wet oxidation Jenkinson et al., 1976 

Others parameters 

Micro-plastics Isolation and Identification - 

Seed bank Sieving and Identification Konstantinovic et al., 2011 

Serial Equipment name Purpose Number needed 

1 Soil auger Collection of samples 2 

2 Plastic bag (Zip lock) Keeping the samples, sample media 700 

3 Knife To slice the samples 2 

4 Plastic Jar Sample media 600 

5 Soil Core Sampler (0-15 cm) Insert the cores 200 

6 Hammer To insert the cores into the soil 2 

7 Shovel To clean the sample point 2 

8 Dry cloths To clean the sampling equipments 2 

9 Permanent Marker To mark sampling information 5 

10 Spade To remove the unwanted materials from the sampling points 2 

11 Ice box To carry soil sample from field to lab to maintain field condition 4 

12 Sieve To sieve the soil samples 1 set (mesh no. 10, 18, 30, 

40, 50 and 80) 

13 Polythene bag To keep the core samples in a natural state 700 



2.4. Collection procedure 

Pre-designed grid sampling method is adopted to collect soil sample from the field. Each soil sample will be collected at three depths i.e. 0-

15 cm, 15-30 cm, and >30 cm. Soil samples from field will be mainly collected using soil auger and core sampler. In some cases if surface is 

too hard for soil core or auger samples can be collected using creating soil pits. Soil samples from different soil layer will put into different 

polybags or plastic jars, so that it can be identified separately. The soil sample for each depth and point will be taken in a separate zipper 

bag having proper labeling (sample no., depth, AEZ, GPS coordinate, camp no., upazila name and district). Then, the soil sample will be air 

dried for physico-chemical analysis and will be stored in plastic container with proper labeling for future validation (if needed). Before air-

drying, a part of each soil sample will be kept in the refrigerator for further microbial analysis. 

Soil collection by different process described below- 

Soil collection using auger 

1. Insert the auger by rotating clockwise to a depth of at least 30cm, and then pull it out slowly. 

2. Place the auger in the big plastic sheet and collect the sample. 

3. Put the sample in plastic bag or jar. 

Soil collection using soil core sampler  

1. Push the core sampler into the soil. 

2. Extract the sample using a field knife or shovel. 

3. Level the surface of the soil sample on both sides and ensure that soil is completely level with edge of the core. 

Soil collection making soil pits  

1. Dig a pit and measure the depth of soil, Mark the depth of sample layer and collect the sample using spade. 

2. Put the sample in plastic bag or jar. 

3. All soil samples will be transported directly to the laboratory within two days by any direct transportation system (bus or car) or courier 

service. The samples will be packed separately in such a manner that it don not break, open and mix each other. Soil sample quality will be 

ensured. 

2.5. Laboratory analysis procedure 

Soil Texture 

The particle size analysis will be done by hydrometer method as described by Piper (1950) and the textural class will be determined by 

plotting the results of % sand, % silt and % clay to the "Marshall's Triangular Co-ordinate" following the USDA system. 

Bulk Density 

Sampling the soil 

This method works best for moist soils without gravel. If sampling during summer, it is possible to wet the soil manually to keep bulk 

density core intact. To do this, bottomless drum is placed on the soil and fill with water, allowing to wet naturally for 24 hours. 

Using the appropriate tools, an undisturbed flat horizontal surface is prepared in the soil with a spade at the desired sample depth. The 

steel ring is pushed or gently hammered into the soil. A block of wood may be used to protect the ring. Any excess soil is removed from the 

outside the ring and cut any plants or roots off at the soil surface with scissors). The soil is poured into the plastic bag and the bag is seal, 

marking the sample information. Common sources of error when measuring BD are disrupting the soil while sampling, inaccurate trimming 

and inaccurate measuring of the volume of the ring. Gravel can make trimming the core difficult and give inaccurate values, and it is best to 

take more samples to decrease error in this way. 

Calculations:  

Soil volume 

Soil volume = ring volume. To calculate the volume of the ring: 

i. Measure the height of the ring with the ruler in cm to the nearest mm. 

ii. Measure the diameter of the ring and halve this value to get the radius®. 



iii. Ring volume (cm3) = 3.14 x r2 x ring height. 

If the ring diameter = 7 cm and ring height = 10 cm Ring volume = 3.14 x 3.5 x 3.5 x 10 = 384.65 cm3 

Dry soil weight 

To calculate the dry weight of the soil: 

i. Weigh an ovenproof container in grams (W1). 

ii. Carefully remove the all soil from the bag into the container. Dry the soil for 10 minutes in the microwave, or for 2 hours in a 

conventional oven at 105ºC. 

iii. When the soil is dry weigh the sample on the scales (W2). 

iv. Dry soil weight (g) = W2 – W1 

Bulk density 

Bulk density (g/cm3) = Dry soil weight (g) / Soil volume (cm3) 

Bulk density is usually expressed in megagrams per cubic metre (Mg/m3) but the numerically equivalent units of g/cm3 and t/m3 are also 

used (1 Mg/m3 = 1 g/cm3 = 1 t/m3) (Cresswell and Hamilton, 2002). 

Soil pH 

Soil pH will be measured in a suspension of soil and water on a glass electrode pH meter using a combined glass/calomel electrode, the soil

-water ratio being 1: 2.5 (McLean, 1982). Prior to making pH measurement, the electrode will be calibrated using standard buffer solution 

at pH 4.0 and 7.0. 

Electrical Conductivity (EC) 

The electrical conductivity will be determined by HANNA Model HI 933100 conductivity Meter. 

Soil Organic Matter  

The Organic carbon content of the soil will be determined by the wet oxidation method (Walkley and Black, 1934). The organic matter in 

soil will be oxidized by 1N potassium dichromate solution and the amount of organic carbon will be determined by titration against 0.5N 

ferrous sulphate heptahydrate solution in presence of 0.025M ortho-phenanthroline ferrous complex. The organic matter content will be 

calculated by multiplying the per cent organic carbon by 1.73 (Van Bemmelen factor).  

Total Nitrogen (N) 

Total N content in the soil will be determined by the micro-Kjeldahl method (Bremner and Mulvaney, 1982). Soil samples will be digested 

with concentrated H2SO4 in presence of K2SO4 catalyst mixture (K2SO4: Cu2SO4, 5H2O: Se = 100:10:1). Nitrogen in the digestion will be 

estimated by distilling the digest with 10N NaOH followed by titration of the distillate trapped in H3BO3 indicator solution with 0.01N H2SO4.  

Available phosphorus (P) 

Available P content in the soil will be extracted by shaking the soil with 0.5M NaHCO3 (pH 8.5). The extractable P in solution will be then 

determined colorimetrically at 890 ηm wavelength by developing blue color with reduction of phosphomolybdate complex using 

molybdate ascorbic acid reagent (Olsen and Sommers, 1982).   

Exchangeable Potassium (K)  

Exchangeable K content of the soil will be extracted by ammonium acetate extraction method. Extraction will be done by repeated shaking 

and centrifugation of the soil with neutral 1N NH4OAc followed by decantation. The K concentration in the extract will be determined by a 

flame photometer (Knudsen et al., 1982).   

Available Sulphur (S) 

Available S content will be determined by extracting soil sample with 0.15% CaCl2 solution (1:5 soil-extractant ratio) from CaCl2, 2H2O and 

will be estimated by the turbidimetric method using BaCl2 crystals (Fox et al., 1964).     

Microbial biomass carbon (MBC) 

Microbial biomass carbon requires the determination of fumigated and non-fumigated biomass carbon. For extraction, 10 g soil samples 

will be taken in a desiccator for 3 days with 20 ml chloroform. Then the soil will be extracted with 50ml 0.05M K2SO4. Then it will be 



shaken for 1 hour followed by filtering and wet oxidation. After wet oxidation, the extract is titrated against FeSO4. The same method is 

followed for non-fumigated biomass carbon except for the use of chloroform. The Microbial biomass carbon is determined by using the 

given formula below: 

Microbial biomass carbon (MBC) = MBC of fumigated sample - MBC of non-fumigated sample 

2.6. Other parameters 

Isolation and identification of micro-plastics from soil 

First, 400 g of soil sample will be dried at 90⁰C into an oven until the sample dryness. Then, the dried samples will be put in an 800 ml glass 

beaker with 300 ml of ZnCl2 salt solution and continuously stirred for several minutes with a spatula. Then, all the floating solids will be 

sieved with a 0.3 mm sieve, moved into a 500 ml beaker, and made to a solution with the addition of 20 ml each of 30% H2O2 and FeSO4 

(0.05 M). After heating at 75⁰C temperature for 30 min, 6 g of salt (NaCl) will be added to every 20 ml of sample to increase the density of 

the aqueous solution (~5 M NaCl), and the WPO (wet peroxide oxidation) solution will be transferred to a density separator and allowed to 

settle overnight. The solution from the density separator will be filtered through a cellulose nitrate filter paper of 5.0 μm and 47 mm 

diameter. The filter papers will be then taken under a light microscope for the quantification and identification of MPs. The images of MPs 

and measurements will be taken using a high-resolution camera attached with a microscope. The MP particles will be categorized into 

three size classes according to their lengths: 0.3–0.5 mm, 0.5–1 mm, and 1–5 mm. Different colors and types of MP particles will be also 

recorded. The abundance of MPs in soil sample for each site will be calculated by dividing the number of separated microplastic particles 

by the dry weight (kg) of the soil sample. Then, the means (items kg-1 of d.w. samples) and standard deviations of the microplastic particles 

in the beach sediments will be calculated. Variations in the abundance of microplastics among the sites will be analyzed using one-way 

Analysis of Variance (ANOVA) followed by pairwise comparisons using Tukey’s HSD test. 

Method to be followed for soil seed bank determination 

Each 100 gm soil sample will be initially poured on sieve of 80 mesh size and placed in the water for softening the soil clods. This sample 

will be then immersed in the sodium hexa-metaphosphate solution (40 g/L of water) to disintegrate the soil particles. The soil samples will 

be then shifted to the bucket having tap water and shook well so that almost all clay and silt particles are filtered out and removed from 

the sample. The remaining material on the sieves will be air-dried and transferred on the filter paper so that samples become completely 

dried. These dried samples will be then passed through a descending series of sieves i.e. mesh no. 10, 18, 30, 40, 50 and 80. Entire seeds 

that remained on the sieves will be collected for identification and further processing. Seeds of different weeds will be collected from the 

surrounding area with the objective of reference collection for the weed seeds identification. Seeds extracted from the soil will be 

compared with the collected seeds to identify seeds using high a magnification lens (10X) and seeds of each species will be counted. 

Parameters like seed density m-2, species diversity index and relative importance value will be assessed for soil weed bank determination 

methods. 

Analysis of heavy metals from the soil 

100 mg of each grinded soil sample will be weighed out using Shimadzu digital weighing scales into labelled 100 mL quartz digestion tubes. 

2 mL of Analytical grade 69% nitric acid (or similar) will be added to each tube. The same volume of nitric acid will be added to 1 tube 

designated as blank and 1 tube designated for certified reference materials (CRM) for each batch of digestion. Tubes will be shaken briefly 

and left overnight to soak.  Following this period, 2 mL of 30% hydrogen peroxide will be added to each tube via pipette. Tubes will be then 

left open for 15 minutes to outgas. Tubes will be then placed into the digestion block (VELP digestion system) and the temperature will be 

gradually raised up to 120 °C through a 2 stage process. If brown fumes are generated, indicating oxidation of the sample by HNO3, will 

continue heating until no brown fumes are given off by the sample indicating the complete reaction with HNO3.  After cooling, the digest 

will be transferred into a 50 mL falcon tube and the final weight (50 g) will be made using deionized water with precise weights recorded. 

Eight standards in a range of 0-100 ppb will be made up including one blank. The standard tubes will be then made up to final weight (50g) 

with 1% HNO3 aq. 10 mL from the final digestate will be poured into 15 mL polypropylene tubes (VWR, D&H or similar) to be placed into 

the auto-sampler (Cetak ASX-520 Auto Sampler) in a predetermined random run order. Analysis of the samples will be carried out using ICP

-MS (Thermo Scientific iCap Q ICP-MS) which is connected to the auto-sampler (Cetak ASX-520 Auto Sampler). The ICP/MS operating 

conditions will be: Forward RF power- 1550W; Nebuliser sample flow rate- 0.35mL/min. Helium will be used as a collision gas at a flow rate 

of 5 mL/min. Samples will be analysed by comparison to the standards previously mentioned. 



Soil sampling location (GPS information) 

Grid_no Easting Northing Grid_no Easting Northing 

1 92.16029 21.187199 51 92.159981 21.19044 

2 92.160913 21.187187 52 92.160607 21.190443 

3 92.161263 21.18708 53 92.161233 21.190446 

4 92.161879 21.186926 54 92.161859 21.190449 

5 92.162505 21.186929 55 92.162486 21.190453 

6 92.159546 21.187765 56 92.163008 21.190445 

7 92.159998 21.187504 57 92.157473 21.191015 

8 92.160624 21.187507 58 92.158099 21.191018 

9 92.16125 21.18751 59 92.158725 21.191021 

10 92.161876 21.187513 60 92.159351 21.191024 

11 92.162502 21.187516 61 92.159978 21.191027 

12 92.162828 21.187709 62 92.160604 21.19103 

13 92.158917 21.188192 63 92.16123 21.191034 

14 92.159368 21.188088 64 92.161856 21.191037 

15 92.159994 21.188091 65 92.162482 21.19104 

16 92.16062 21.188094 66 92.163108 21.191043 

17 92.161247 21.188097 67 92.157143 21.19186 

18 92.161873 21.1881 68 92.157715 21.191828 

19 92.162499 21.188104 69 92.158096 21.191605 

20 92.158956 21.188444 70 92.158722 21.191608 

21 92.159365 21.188675 71 92.159348 21.191611 

22 92.159991 21.188678 72 92.159974 21.191615 

23 92.160617 21.188681 73 92.1606 21.191618 

24 92.161243 21.188685 74 92.161227 21.191621 

25 92.161869 21.188688 75 92.161853 21.191624 

26 92.162495 21.188691 76 92.162479 21.191627 

27 92.162847 21.188722 77 92.163105 21.19163 

28 92.158316 21.189478 78 92.163585 21.191762 

29 92.158735 21.189259 79 92.157097 21.192411 

30 92.159361 21.189262 80 92.157466 21.192189 

31 92.159988 21.189266 81 92.158092 21.192192 

32 92.160614 21.189269 82 92.158719 21.192196 

33 92.16124 21.189272 83 92.159345 21.192199 

34 92.161866 21.189275 84 92.159971 21.192202 

35 92.162492 21.189278 85 92.160597 21.192205 

36 92.16289 21.18952 86 92.161223 21.192208 

37 92.157676 21.190019 87 92.161849 21.192211 

38 92.158106 21.189843 88 92.162476 21.192214 

39 92.158732 21.189847 89 92.163102 21.192217 

40 92.159358 21.18985 90 92.163667 21.192203 

41 92.159984 21.189853 91 92.157046 21.192869 

42 92.16061 21.189856 92 92.157463 21.192777 

43 92.161237 21.189859 93 92.158089 21.19278 

44 92.161863 21.189862 94 92.158715 21.192783 

45 92.162489 21.189865 95 92.159341 21.192786 

46 92.162965 21.189879 96 92.159968 21.192789 

47 92.157605 21.190538 97 92.160594 21.192792 

48 92.158102 21.190431 98 92.16122 21.192795 

49 92.158729 21.190434 99 92.161846 21.192798 

50 92.159355 21.190437 100 92.162472 21.192801 



Grid_no Easting Northing Grid_no Easting Northing 

101 92.163099 21.192805 151 92.162038 21.194971 

102 92.156489 21.193582 152 92.162545 21.194946 

103 92.156833 21.193361 153 92.15512 21.195722 

104 92.15746 21.193364 154 92.155568 21.195703 

105 92.158086 21.193367 155 92.156194 21.195707 

106 92.158712 21.19337 156 92.15682 21.19571 

107 92.159338 21.193373 157 92.157446 21.195713 

108 92.159964 21.193376 158 92.158073 21.195716 

109 92.160591 21.193379 159 92.158699 21.195719 

110 92.161217 21.193383 160 92.159325 21.195722 

111 92.161843 21.193386 161 92.159951 21.195725 

112 92.162469 21.193389 162 92.160354 21.195486 

113 92.162974 21.193513 163 92.155127 21.19613 

114 92.156429 21.194184 164 92.155725 21.196276 

115 92.15683 21.193948 165 92.156272 21.196194 

116 92.157456 21.193951 166 92.156817 21.196297 

117 92.158083 21.193954 167 92.157443 21.1963 

118 92.158709 21.193957 168 92.158069 21.196303 

119 92.159335 21.19396 169 92.158695 21.196306 

120 92.159961 21.193964 170 92.159322 21.196309 

121 92.160587 21.193967 171 92.159762 21.196127 

122 92.161213 21.19397 172 92.155224 21.19715 

123 92.16184 21.193973 173 92.155408 21.197056 

124 92.162466 21.193976 174 92.156254 21.196976 

125 92.162953 21.193865 175 92.156813 21.196884 

126 92.15513 21.194669 176 92.15744 21.196887 

127 92.155574 21.194529 177 92.158066 21.19689 

128 92.156201 21.194532 178 92.158692 21.196893 

129 92.156827 21.194535 179 92.159313 21.196763 

130 92.157453 21.194538 180 92.155014 21.197483 

131 92.158079 21.194541 181 92.155558 21.197465 

132 92.158705 21.194545 182 92.156184 21.197468 

133 92.159332 21.194548 183 92.15681 21.197471 

134 92.159958 21.194551 184 92.157436 21.197474 

135 92.160584 21.194554 185 92.158063 21.197478 

136 92.16121 21.194557 186 92.158689 21.197481 

137 92.161836 21.19456 187 92.159101 21.197355 

138 92.162462 21.194563 188 92.155019 21.197921 

139 92.162799 21.194299 189 92.155554 21.198052 

140 92.154945 21.195113 190 92.1563 21.19786 

141 92.155571 21.195116 191 92.156883 21.198016 

142 92.156197 21.195119 192 92.157224 21.197862 

143 92.156823 21.195122 193 92.158321 21.197808 

144 92.15745 21.195126 194 92.15869 21.197878 

145 92.158076 21.195129 195 92.159059 21.197847 

146 92.158702 21.195132       

147 92.159328 21.195135       

148 92.159954 21.195138       

149 92.160581 21.195141       

150 92.161207 21.195144       



 34 

CONTACT:  
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