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BEFORE THE NATIONAL GREEN TRIBUNAL (SZ) CHENNAI  

MEMORANDUM OF INTERLOCUTORY APPLICATION 
 

IA No.   151    of 2021  
 

In  
 

ORIGINAL APPLICATION No. 161 OF 2021 (Suo Motu) 
 

 
Between:   
Navroz Mody      ... Applicant/ proposed respondent  

Vs 
 

The Chief Secretary  
Government of Tamilnadu  
Fort St George  
Chennai  & Ors       .. Respondents/ Respondents  

 
NOTE ON SUBMISSIONS FILED ON BEHALF OF THE APPLICANT 

 
1. At the outset, it is submitted that the purpose of this application is not to 

stop the remediation work at the project site. Rather, it is to highlight that 

existing information including studies available point to ongoing 

contamination of the downstream of the factory site and the need to assess 

the adequacy of erosion control and soil conservation measures in light of 

clear felling of trees and removal of vegetation, and the need for risk 

assessment and risk mitigation for ecologically sensitive wildlife areas. 

 

2. It is submitted that the following issues need to be considered by this 

Hon’ble Tribunal in the present proceedings:  

 

a) The ongoing remediation and the measures undertaken at the site to 

deal with soil erosion as a result of rainfall is as per the approved plan 

for upscaling of remediation and was designed for a site with dense 

vegetation. The clear felling of trees, undergrowth and leaf litter 

significantly increases runoff and soil erosion – the existing soil 

erosion control and soil conservation measures (such as silt traps, silt 

settling tanks etc.) are not designed for this increased run off of 

rainwater and soil.  

 

b) The joint committee’s conclusions which are based on complete 

concurrence with NEERI’s site assessment report dated August 2021, 

are not borne out by the data presented in the report. NEERI’s 

comparison of the data with incorrect screening guidelines has 

conveyed a false picture that all is well, while the data triggers serious 

concern.  
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Importance of vegetation in preventing soil erosion 
 

3. It is undisputed that the mercury contamination is predominantly in the soil 

of the contaminated site. The contaminated site has been categorized as 

Area A, Area B, Area C1 and Area C2 based on contour. The mercury is 

tightly bound to the soil and travels wherever the soil moves. During rainfall, 

soil from the contaminated sites is mobilized and carried by the rain water. 

When soil is carried from the factory site to offsite (outside the factory 

perimeters) – so is the mercury contamination.  

 

4. The extent of soil running off with the rain water will depend on land cover 

and intensity of rainfall. For a given rainfall, when the land is covered by 

trees, undergrowth and leaf litter, the run-off is reduced. The protective 

vegetative cover typically offers three layers of protection to the soil –  

a) layer one is the canopy of the trees which break the velocity of falling 

rains and allows the rain water to drop gently to the ground.  

b) The dense undergrowth beneath the trees (shrubs, bushes) offer the 

second layer of protection and further retards the force with which 

the rain strikes the ground.  

c) Leaf litter accumulated over time due to falling leaves from the trees 

and shrubs form a thick cushion above the soil surface and offer a 

third layer of protection by absorbing and storing rain water and 

reducing runoff.  

 

5. Devoid of these vegetative protections, there is nothing between the skies 

and the soil and the rain water strikes the soil with unimpeded force, 

resulting in greater soil erosion.  

 

Felling of trees and clearing of the site renders the approved remediation 
plan irrelevant – Need for further studies 

 

6. In 2010 the 5th respondent submitted a report titled “Trees protection 

measures during decontamination process of mercury polluted 

soil” prepared by the National Botanical Institute, Lucknow. Extracts from 

the report are presented below:  
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7. The report also records the leaf litter in the various sections of the 

contaminated site. Relevant extract from the report is extracted below:  
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8. It is seen from this report that not only is vegetation and leaf litter 

considered important in mitigating soil run off but that such vegetation 

should be carefully preserved during the remediation process. A copy of this 

report is annexed as Annexure A3.  

 

9. In the same year, another report titled “Study on soil conservation while 

undertaking soil remediation process in mercury contaminated site 

of Hindustan Unilever ltd, Kodaikanal” was submitted by the Central 

Soil and Water Conservation Research and Training Institute (now known 

as Indian Institute of Soil and Water Conservation), Ooty.  

 

10. This report deals with measures to be taken to conserve soil and minimize 

the impact of the remediation process on soil and soil erosion. This report 

informs the erosion control measures such as the construction of random 

rubble stone masonry check dam, Gabion check dams, silt traps and bunds 

that have been established at the subject site.  

 

11. It is clear from the report that the above-mentioned measures have been 

designed for a site with intact vegetation and are accompanied with other 

measures to safeguard standing trees. Some relevant extracts from the 

report are reproduced below.  

 

 
(Page 7 of the report) 
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(Page 7-8 of the report) 
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(page 14 of the report) 

 
(Page 15 of the report) 

 
12. It is submitted that the technical details of conservation measures 

have been described from pages 17 to 21 of the report and include gabion 

support wall, loose boulder terrace support wall, random rubble masonry 
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check wall, Gabion check dam, stone bunding, grass turfing etc. A copy of 

this report is annexed as Annexure A4.  

 
13. It is submitted that thereafter in February 2018, a soil remediation 

upscaling plan was prepared by NEERI and the Indian Institute of Soil and 

Water Conservation, Ooty, annexed as Annexure A5. Relevant extracts 

from this report which reiterate the erosion control measures and the 

importance of tree and vegetative cover are reproduced below:  

 

 
(Page 5 of the report) 
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(page 19-20 of the report) 

 

 
(Page 20 of the report) 
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(Page 21 of the report) 

 

14. It is seen that this approved remediation plan provides for the 

preservation of trees as an erosion control measure and insists on their 

protection. In order to obviate any doubt, the remediation plan does not in 

any manner foresee, assess or consider the clear felling of trees from the 

entire contaminated site or make suggestions on enhanced mitigation 

measures if such vegetation were removed.  

 
15. However, it is a known fact that erosion will occur and soil (along with 

mercury) will be carried by rain water from the contaminated site. It is to 

mitigate and control this run off that erosion control and soil conservation 

measures were provided.  

 

16. In order to ensure and monitor the efficacy of these measures in 

preventing the run off of mercury laden soil into the downstream pambar 

shola, the approved remediation plan  also contains an environmental 

monitoring framework inter alia to monitor air, soil and water quality. The 

framework requires the taking of weekly samples of water and soil/sediment 

from all silt traps, and the Levange Path in Pambar Shola. However, such 

sampling has not been done at all. The relevant page of the report is 

extracted below : 
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(Page 44 of the report) 
 

17. It is clear that the existing erosion control measures and soil 

conservation measures were designed for an entirely different land cover – 

namely vegetated grounds with standing trees – than the presently existing 

denuded land cover. 
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18. Neither NEERI in its latest report dated August 2021 report nor the 

joint committee or the authorities that have granted permission for tree 

felling have assessed the impact of such felling on rainwater and soil runoff 

(along with mercury) from the factory site. It is clear that under denuded 

conditions, the run off would be vastly enhanced and likely the overwhelm 

the stormwater drain, and the erosion control and soil conservation 

measures designed and constructed for a fully vegetated site.  

 

19. The quantum of rainwater run off or soil carried by the rainwater 

ought to be assessed and form the basis of the design and augmentation  

of erosion control and soil conservation measures for the newly denuded 

site. 

 

20. It is submitted that the time is opportune as monsoon is upon us, and 

excavation of contaminated soil is to be suspended temporarily during 

October-November according to the soil conservation study. A suitable 

assessment to study the quantum of rainwater and contaminated soil 

mobilized from the site and entering the Pambar Shola, and the adequacy 

of the erosion control and soil conservation measures can be performed in 

the interim,  which will help prescribe augmentation of existing erosion 

control and soil conservation measures if required and help an informed 

decision to protect the wildlife and downstream environment. TILL DATE, 

THERE IS NO STUDY AVAILABLE ON RAINWATER RUNOFF AND 

RESULTANT MERCURY LOSS INTO THE PAMBAR SHOLA. A conservative 

estimate of the run off and mercury lost into the pambar shola as calculated 

by Mr. Nityanand Jayaraman, Chennai Solidarity group, published on 

kodaimercury.org is annexed as Annexure A6. A letter was addressed by 

65 prominent ecologists and academics on this issue to the Hon’ble Chief 

Minister and other authorities, which is annexed as Annexure A7.  

 

 

Conclusions of NEERI – August 2021 Report and Joint committee 

report not borne out by its findings  

 

21. It is submitted that the Joint committee entirely relies on the NEERI 

report and its interpretation of results to conclude that there is no offsite 

(outside the factory) contamination of mercury .  

 

22. The NEERI report submitted in August 2021 is a result of the order of 

the Hon’ble NGT that a detailed site assessment  be carried out to ascertain 

the extent of contamination. This report was not designed to assess the 

impact of tree felling on the mobilization of mercury into the downstream 

and offsite environments.  

 

23. The Joint committee report on the other hand, should have  addressed 

the changed circumstances at the site and its impact on erosion and other 

issues. In fact, the PCCF & CLW has not filed his independent report till date. 

The affidavit and documents purportedly filed on behalf of the 7th and 8th 
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Respondents contains assertions beyond the remit of the DFO who has filed 

the counter affidavit. It is necessary that the PCCF&CLW examines the issue 

and file a report as directed by this Hon’ble Tribunal.  

 

24. The Joint committee however, has neither collected samples from 

offsite locations nor has it critically evaluated the data presented by NEERI 

but has only blindly concurred with NEERI’s conclusions. It has also not 

studied the environmental impact of tree felling and removal of vegetation. 

 

25. Therefore, once it is established that the NEERI’s report is flawed and 

the data therein does not support the conclusions reached, then the joint 

committee report also automatically is liable to be rejected.  

 

26. NEERI has presented results of analysis for Soil, Water and Vegetation 

taken from Pambar shola forest area and along Pambar stream. While the 

findings indicate serious cause for concern,  NEERI concludes to the 

contrary, arguing that there is no contamination as the mercury levels are 

below Canadian guideline values. However, this conclusion is erroneous for 

the following reasons: 

 
Sediment – Wrong standards  

27. In the NEERI report at 8.2.4 at page 31 states as follows :  

 
 

28. The  screening levels considered for comparison of sediment samples 

in the report refers to the Canadian Council of Ministers of Environment 

Sediment Quality Guidelines. Relevant pages of the NEERI Report have been 

filed as Annexure A1 along with the IA and the Canadian sediment quality 

guidelines have been filed as Annexure A2.  
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29. The Sediment samples taken from Pambar Stream returned with 

values as high as 0.251, 0.256 and 0.412 mg/kg (Please see Annexure II 

and III of the NEERI report).  

 

30. It is seen from the report that NEERI has stated “ that all sediment 

samples were reported at concentrations less than the most conservative 

screening criteria of the Canadian guidelines of 0.486 mg/ kg”. The same 

value has also been shown against the appropriate entry in table 11 of the 

report.  

 

31. However, a perusal of the Canadian sediment quality guidelines for 

the protection of aquatic life shows that 0.486 mg / kg is not the sediment 

quality guideline.  

 

32. It is seen from the document annexed as Annexure 2 that the Interim 

freshwater Sediment Quality Guideline (ISQG) for mercury is 0.17 mg/kg 

and NOT 0.486 mg/kg.  

 

33. The Canadian guidelines contains the following prescriptions: 

a) Interim sediment quality guidelines (ISQG)  

b) Probable effect levels (PEL)  

c) Incidence (%) of adverse biological effects in concentration ranges 

defined by these values 

 

34. As stated above, the ISQG is 0.17 mg/kg, and the PEL is 0.486 mg/kg, 

and it is the former, not the latter that is the appropriate and most 

conservative screening criteria that ought to have been used for comparison. 

 

35. The fact that considerable biologically adverse effects will occur when 

sediment mercury levels are above 0.17 mg/kg is evident from the Canadian 

Guidelines which states that the incidence of biologically adverse effects is 

34% when sediment mercury levels are between 0.17 mg/kg and 0.486 

mg/kg. At levels above 0.486, the incidence of adverse effects increases 

marginally to 36%. I submit that this makes it clear that considerable 

biologically adverse effects are certain at the levels detected by NEERI in its 

study and that its interpretation and conclusion on the sediment quality 

being benign is deeply flawed. The presence of such high levels of mercury 

in sediment 20 years after the factory has closed is a clear indicator that the 

factory site is continuously leaking mercury into the Pambar watershed. 

 

Water – Guideline values far lower than Detection Level used by 

NEERI 

 

36. The NEERI report at page 27 and 28 contains the summary of results 

of analysis of water samples collected from Pambar river and the screening 

guidelines including the Canadian guideline value.  
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37. The report states that the screening levels of Canadian guideline value 

(0.000026 mg/l) and Dutch intervention value (0.003 mg/l) are lower than 

the detection limits of the analytical methodology followed in this study 

(0.0009 mg/liter). It is relevant to note that the limit of quantitation has 

been set by NEERI at 0.003 mg/l. Setting the Limit of quantitation at 0.003 

mg/l means that only values greater than 0.003 mg/l will be reported.  

 

38. In order to arrive at a conclusion that the water is not contaminated 

at levels of concern, the RoA of water samples have to compared with the 

most conservative Canadian guideline value as this value would represent 

the level below which adverse effects are insignificant. The Dutch 

intervention values, on the other hand, would represent a level above which 

some intervention would be required.  

 

39. It is seen from the report that NEERI has stated that the concentration 

of mercury in all the  water samples was less than the applicable screening 

standards (MoEFCC, BIS, USEPA RSL). This statement is incorrect and 

misleading.  

a) Firstly, the value referred to as MoEF’s guideline value is actually the 

standard for discharge of treated effluent into surface water and not 

for the quality of water in the river.  

b) Secondly, the comparison with BIS drinking water standards (human 

health) is also not applicable as the standards for protection of aquatic 

systems are fixed keeping in mind the fact that mercury will 

bioaccumulate and concentrate in far more sensitive organisms and 

move up the food chain. Additionally, as stated above, the limit of 

quantitation in the present study has been set at 0.003 mg/l and levels 

lesser than 0.003 mg/l will not be reported and hence reference to 

this standard (0.001 mg/l) is meaningless.  

c) Thirdly, the USEPA of 0.002 mg/l for which no reference document 

has been provided, is higher than the quantitation level. As stated 

above, the limit of quantitation in the present study has been set at 

0.003 mg/l and levels lesser than 0.003 mg/l will not be reported and 

hence reference to this standard (0.002 mg/l) is meaningless.  

 

40. Therefore there is no evidence to conclude that water is not 

contaminated and no such conclusion can be reached from the present 

report as all values less than LOQ have been reported as “Not detected 

(ND)”. The LoQ of 0.003 mg/l used in the present report is 115 times higher 

than the  appropriate Canadian guideline  value of 0.000026 mg/l.  

 

Soil – Residential and recreational (parkland) land-use standard 

incorrectly used for soil within Wildlife Sanctuary 

 

41. It is seen from the report that NEERI has stated at page 22 section 

6.2 that the Canadian soil quality guideline for protection of human health 

is 6.6 mg/kg and for environmental health is 12 mg/kg for agricultural, 

residential and parkland land use. NEERI has also stated that tier I screening 
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would only be triggered if analytical data exceeded 12 mg/kg. The actual 

guidelines have however not been provided in the report nor has the joint 

committee referred to it.  A reading of the Canadian soil guidelines would 

show that residential and parkland land use guideline values are wholly 

inapplicable to assess the health of soil inside a notified wildlife sanctuary. 

A copy of the Canadian soil quality guidelines is annexed as Annexure A8. 

 

42. In fact, the document titled “A protocol for the derivation of 

environmental and human health soil quality guidelines” published by the 

Canadian council of Ministers of the Environment, 2006 ( same agency that 

published the guidelines referred to by NEERI) clarifies that the applicability 

of different guideline values to different land uses. Extract from the report 

is annexed as Annexure A9. Relevant portion is extracted below :  

 

 
 

43. It is seen from the above extract that the protocol itself categorially 

states that residential / parkland values cannot be used for wildlands etc. 

The use of the Parkland / residential standards for the adjacent wildlife 

sanctuary is wholly inappropriate  

 

Moss 

 

44. NEERI report has dealt with the concentration of mercury in Moss in 

section 8.2.5 at page 32 and found mercury concentrations ranging upto 

6.36 mg/kg inside the sanctuary. The sample containing 6.36 mg/kg of 

mercury was taken from near a stream entering the sanctuary from the 

“HUL Stream discharge point (R01)”. Even during post monsoon season, the 

mercury level in moss from this location was 1.148 mg/kg.  

 

45. Moss absorbs and accumulates nutrients from the surrounding air and 

is used as a bio indicator for air pollution. The levels of mercury in moss 

samples ought to be compared with the naturally occurring background 

levels within the same region, namely, the Pambar shola and the wildlife 

sanctuary. It is seen from the other results presented for moss in Annexure 

I, II and III of the NEERI report that background levels of mercury in moss 

are below the limit of quantitation of 0.008 mg/kg set by NEERI.  
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46. The mercury level of 6.36 mg/kg present in Moss collected at the HUL 

stream is 795 times higher than background levels (detection limit : 0.008 

mg/kg) in NEERI’s data set from other parts of the sanctuary. The high level 

of mercury suggests that the stream bed is an active source of mercury. 

This is evidence that mercury is being discharged from the site into the  

sanctuary.  

 

 

47. The Results of Analysis (RoA) of sediment from silt traps has been 

presented by the Joint committee in page 9 of its report. The levels range 

from 2.21 mg/kg to 14.03 mg/kg, which conclusively proves the contention 

that mercury tainted soil is mobilized by rainfall. Given the intensity of 

rainfall in the mountains – recorded 24 hour maximum of 500 mm in May 

2006, it goes without saying that the rainwater run-off will flow not merely 

through the narrow stream fitted with silt traps but will follow the gradient, 

thus escaping the factory site and into the adjacent sanctuary.  

 

48. It is submitted that the hazardous waste authorization does not reflect 

the quantum of silt accumulated over 21 years of maintenance of the silt 

trap. RTI information available from the year 2016 reveal that returns were 

submitted only once on 31.12.2004 and no data was available with TNPCB 

subsequently. The fact that 7505 kg of silt was reportedly collected during 

2001 to 2004 suggests that an average of 2.5 tons of silt per year should 

have been collected from the silt traps. The fact that this has not been 

collected can only mean that it has been lost to the environment. A copy of 

the RTI reply is annexed as Annexure A10.  

 

49. The forest department and the joint committee have concluded that 

all activities are legally compliant and that the tree felling was carried out 

with permission from appropriate authorities. It is submitted that it has been 

clearly demonstrated that the felling of trees is in contravention of the 

approved remediation plan and any permission that has been given falls 

afoul of the remediation plan and the Hon’ble NGT’s order which mandates 

remediation in accordance with the plan. Further, the permitting authorities 

are duty bound to issue permission on a scientific basis – based on detailed 

impact assessments of the proposed action – and not arbitrarily as has been 

done. It is to be noted that the factory site fell within the ESZ of the 

Kodaikanal Wildlife sanctuary, which is adjacent to the factory site and any 

permission for tree felling would have to be issued by the PCCF  (HOD) and 

not the DFO or any other authority.  

 

Immediate measures necessary  

 

a) Since the monsoon is imminent, the denuded site will be exposed to 

heavy rainfall. The runoff from the site, its sediment load and quality 

has to be assessed in real-time with field measurements including 

quantum and quality of storm water and sediment at the entrance to 

the sanctuary. This will aid in determining the additional erosion 
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control and soil conservation measures that need to be put in place 

to prevent further run off into the sanctuary during subsequent rains 

during this season. This study has to be conducted by any of the 

agencies who are involved in the process presently – as they have all 

concluded that there is no impact because of tree felling or clearing 

the site and has to be conducted by an independent expert eco-

hydrologists familiar with the western ghats. The need for ecological 

risk assessment can only be decided based on such studies.  

 

b) As required by the approved monitoring framework, weekly samples 

of water and soil / sediment from all silt traps and from Levinge path 

in pambar shola have to be taken immediately. 

 

c)  The TNPCB should also collect independent samples as required by 

the Consent to operate.  

 

d) Detailed mercury mass balance of the remediation exercise should be 

carried out to account for all mercury inputs with a view to assess the 

extent of mercury lost to the environment.  

 

 

50. It is submitted that NEERI in the latest report has rejected the need 

for an ecological risk assessment study based on a flawed interpretation of 

results as demonstrated above and it is a fact that contamination is found 

in the silt and in the stream leading from the HUL factory etc. There is a 

need to conduct an independent ecological risk assessment. It is submitted 

that the onus is on the actor carrying on the activity to prove that their 

actions do not cause environmental harm and in the instant case, there is 

enough evidence to demonstrate otherwise.  

 

It is prayed that this Hon’ble Court be pleased to record these submissions 

and pass necessary orders in the facts and circumstances of the case and 

thus render justice.  

 

 

Dated this the 7th day of October, 2021 at Chennai 

 

 

Counsel for the Applicant 
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Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999, updated 2001

Table 1. Interim freshwater sediment quality guidelines (ISQGs; dry weight), probable effect levels (PELs; dry
weight), and incidence (%) of adverse biological effects in concentration ranges defined by these values.*

Substance ISQG  PEL % ≤ ISQG ISQG < % < PEL % ≥ PEL

Acenaphthene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Acenaphthylene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Anthracene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Aroclor 1254 [See Polychlorinated
biphenyls (PCBs)]

Arsenic 5.9 mg·kg-1 17.0 mg·kg-1 5 25 12

Benz(a)anthracene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Benzo(a)pyrene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Cadmium 0.6 mg·kg-1 3.5 mg·kg-1 11 12 47
Chlordane 4.50 µg·kg-1 8.87 µg·kg-1 2 17 70
Chromium 37.3 mg·kg-1 90.0 mg·kg-1 2 19 49
Chrysene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Copper 35.7 mg·kg-1 197 mg·kg-1 4 38 44

DDTs
DDD† (2,2-Bis(p-chlorophenyl)-1,1,-

dichloroethane; Dichloro diphenyl
dichloroethane)

3.54 µg·kg-1 8.51 µg·kg-1 3 30 85

DDE† (1,1-Dichloro-2,2,bis(p-
chlorophenyl)-ethene; Diphenyl
dichloro ethylene)

1.42 µg·kg-1 6.75 µg·kg-1 6 20 47

DDT† (2,2-Bis(p-chlorophenyl)-1,1,1-
trichloroethane; Dichloro diphenyl
trichloroethane)

1.19 µg·kg-1 ‡ 4.77 µg·kg-1 § 8 5 59

Dibenz(a,h)anthracene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Dieldrin 2.85 µg·kg-1 6.67 µg·kg-1 1 10 60
Endrin 2.67 µg·kg-1 62.4 µg·kg-1 1 64 59
Fluoranthene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Fluorene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Continued.

Canadian Sediment Quality
Guidelines for the Protection
of Aquatic Life

SUMMARY
TABLES
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SUMMARY TABLES Canadian Sediment Quality Guidelines
for the Protection of Aquatic Life

2

Table 1. Continued.

Substance ISQG  PEL % ≤ ISQG ISQG < % < PEL % ≥ PEL

Heptachlor epoxide 0.60 µg·kg-1 2.74 µg·kg-1 3 12 67
Hexachlorocyclohexane [See Lindane]
Lead 35.0 mg·kg-1 91.3 mg·kg-1 5 23 42
Lindane (Hexachlorocyclohexane) 0.94 µg·kg-1 1.38 µg·kg-1 0 50 49

Mercury 0.17 mg·kg-1 0.486 mg·kg-1 8 34 36
2-Methylnaphthalene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Naphthalene [See Polycyclic aromatic hydrocarbons
(PAHs)]

PAHs [See Polycyclic aromatic hydrocarbons
(PAHs)]

PCBs [See Polychlorinated biphenyls (PCBs)]
PCDD/Fs [see Polychlorinated dibenzo-p-dioxins
  and polychlorinated dibenzofurans]

Phenanthrene [See Polycyclic aromatic hydrocarbons
(PAHs)]

Polychlorinated biphenyls (PCBs)
Aroclor 1254 60 µg·kg-1 # 340 µg·kg-1 **

Total PCBs 34.1 µg·kg-1 277 µg·kg-1 4 40 50
Polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans

0.85 ng·TEQ/kg
dw §§

21.5 ng·TEQ/kg
dw §§

0## 24## 46##

Polycyclic aromatic hydrocarbons (PAHs)
Acenaphthene 6.71 µg·kg-1 ‡ 88.9 µg·kg-1 §

Acenaphthylene 5.87 µg·kg-1 ‡ 128 µg·kg-1 §

Anthracene 46.9 µg·kg-1 ‡ 245 µg·kg-1 §

Benz(a)anthracene 31.7 µg·kg-1 385 µg·kg-1 13 6 38
Benzo(a)pyrene 31.9 µg·kg-1 782 µg·kg-1 11 16 30
Chrysene 57.1 µg·kg-1 862 µg·kg-1 8 14 25

Dibenz(a,h)anthracene 6.22 µg·kg-1 ‡ 135 µg·kg-1 §

Fluoranthene 111 µg·kg-1 2355 µg·kg-1 8 23 49
Fluorene 21.2 µg·kg-1 ‡ 144 µg·kg-1 §

2-Methylnaphthalene 20.2 µg·kg-1 ‡ 201 µg·kg-1 §

Naphthalene 34.6 µg·kg-1 ‡ 391 µg·kg-1 §

Phenanthrene 41.9 µg·kg-1 515 µg·kg-1 4 17 44
Pyrene 53.0 µg·kg-1 875 µg·kg-1 7 16 32

Pyrene [See Polycyclic aromatic hydrocarbons
(PAHs)]

Toxaphene 0.1 µg·kg-1  †† — ‡‡

Zinc 123 mg·kg-1 315 mg·kg-1 5 32 36
* ISQGs and PELs presented here have been calculated using a modification of the NSTP approach (CCME 1995).† Sum of p,p´ and o,p´ isomers.‡ Provisional; adoption of marine ISQG.
§ Provisional; adoption of marine PEL.# Provisional; adoption of lowest effect level from Ontario (Persaud et al. 1993).
** Provisional; 1% TOC; adoption of severe effect level of 34 µg·g-1 TOC from Ontario (Persaud et al. 1993).†† Provisional; 1% TOC; adoption of the chronic sediment quality criterion of 0.01 µg·g-1 TOC of the New York State Department of Environmental

Conservation (NYSDEC 1994).‡‡ No PEL derived.
§§ Values are expressed as toxic equivalency (TEQ) units, based on WHO 1998 TEF values for fish.
## Note that the incidence of adverse biological effects below the TEL, between the TEL and PEL, and above the PEL were 22%, 24% and 65%,

respectively, prior to the application of a safety factor.
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Table 2. Interim marine sediment quality guidelines (ISQGs; dry weight), probable effect levels (PELs; dry weight),
               and incidence (%) of adverse biological effects in concentration ranges defined by these values.*

Substance ISQG PEL % ≤ ISQG ISQG < % < PEL % ≥ PEL
Acenaphthene [See Polycyclic aromatic
hydrocarbons; (PAHs)]

Acenaphthylene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Anthracene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Aroclor 1254 [See Polychlorinated
biphenyls (PCBs)]

Arsenic 7.24 mg·kg-1 41.6 mg·kg-1 3 13 47

Benz(a)anthracene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Benzo(a)pyrene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Cadmium 0.7 mg·kg-1 4.2 mg·kg-1 6 20 71
Chlordane 2.26 µg·kg-1 4.79 µg·kg-1 9 12 17
Chromium 52.3 mg·kg-1 160 mg·kg-1 4 15 53
Chrysene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Copper 18.7 mg·kg-1 108 mg·kg-1 9 22 56

DDTs
DDD† (2,2-Bis(p-chlorophenyl)-1,1,-
dichloroethane; Dichloro diphenyl
dichloroethane)

1.22 µg·kg-1 7.81 µg·kg-1 4 11 46

DDE† (1,1-Dichloro-2,2,bis(p-
chlorophenyl)-ethene; Diphenyl
dichloro ethylene)

2.07 µg·kg-1 374 µg·kg-1 5 16 50

DDT† (2,2-Bis(p-chlorophenyl)-1,1,1-
trichloroethane; Dichloro diphenyl
trichloroethane)

1.19 µg·kg-1 4.77 µg·kg-1 8 5 59

Dibenz(a,h)anthracene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Dieldrin 0.71 µg·kg-1 4.30 µg·kg-1 4 13 50
Endrin 2.67 µg·kg-1 ‡ 62.4 µg·kg-1 §

Fluoranthene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Fluorene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Heptachlor epoxide 0.60 µg·kg-1 ‡ 2.74 µg·kg-1 §

Hexachlorocyclohexane [See Lindane]
Lead 30.2 mg·kg-1 112 mg·kg-1 6 26 58
Lindane (Hexachlorocyclohexane) 0.32 µg·kg-1 0.99 µg·kg-1 3 21 26

Continued.
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Table 2. Continued.

Substance ISQG PEL % ≤ ISQG ISQG < % < PEL % ≥ PEL

Mercury 0.13 mg·kg-1 0.70 mg·kg-1 8 24 37
2-Methylnaphthalene [See Polycyclic
aromatic hydrocarbons (PAHs)]

Naphthalene [See Polycyclic aromatic
hydrocarbons (PAHs)]

PAHs [See Polycyclic aromatic
hydrocarbons (PAHs)]

PCBs [See Polychlorinated biphenyls
(PCBs)]

PCDD/Fs [see Polychlorinated dibenzo-
  p-dioxins and polychlorinated dibenzo
  furans

Phenanthrene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Polychlorinated biphenyls (PCBs)
Aroclor 1254 63.3 µg·kg-1 709 µg·kg-1 1 24 76
Total PCBs 21.5 µg·kg-1 189 µg·kg-1 16 37 55

Polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzo furans

0.85 ng TEQ/kg
dw++

21.5 ng TEQ/kg
dw++

Polycyclic aromatic hydrocarbons (PAHs)
Acenaphthene 6.71 µg·kg-1 88.9 µg·kg-1 8 29 57
Acenaphthylene 5.87 µg·kg-1 128 µg·kg-1 7 14 51
Anthracene 46.9 µg·kg-1 245 µg·kg-1 9 20 75
Benz(a)anthracene 74.8 µg·kg-1 693 µg·kg-1 9 16 78
Benzo(a)pyrene 88.8 µg·kg-1 763 µg·kg-1 8 22 71
Chrysene 108 µg·kg-1 846 µg·kg-1 9 19 72

Dibenz(a,h)anthracene 6.22 µg·kg-1 135 µg·kg-1 16 12 65
Fluoranthene 113 µg·kg-1 1 494 µg·kg-1 10 20 80
Fluorene 21.2 µg·kg-1 144 µg·kg-1 12 20 70
2-Methylnaphthalene 20.2 µg·kg-1 201 µg·kg-1 0 23 82
Naphthalene 34.6 µg·kg-1 391 µg·kg-1 3 19 71
Phenanthrene 86.7 µg·kg-1 544 µg·kg-1 8 23 78
Pyrene 153 µg·kg-1 1 398 µg·kg-1 7 19 83

Pyrene [See Polycyclic aromatic
hydrocarbons (PAHs)]

Toxaphene 0.1 µg·kg-1 # — **

Zinc 124 mg·kg-1 271 mg·kg-1 4 27 65
* ISQGs and PELs presented here have been calculated using a modification of the NSTP approach (CCME 1995).
† Sum of p,p´ and o,p´ isomers.
‡ Provisional; adoption of freshwater ISQG.
§ Provisional; adoption of freshwater PEL.
# Provisional; 1% TOC; adoption of the chronic sediment quality criterion of 0.01 µg·g-1TOC of the New York State Department of Environmental

Conservation (NYSDEC 1994).
** No PEL derived.
++ Values are expressed as toxic equivalency (TEQ) units, based on WHO 1998 TEF values for fish.
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Rate of Soil and Mercury Loss into Pambar Shola from M/s 
Hindustan Unilever’s Mercury-contaminated Site

By Nityanand Jayaraman, Chennai Solidarity Group. August 2021

In January 2020, Hindustan Unilever clearfelled more than 4 acres (1.62 ha) of its 8.7 ha mercury-
contaminated site and cleared it of all vegetation. The cleared section also coincided with the most 
contaminated portions of the site. The removal of protective vegetative cover has exposed the 
contaminated soils to erosion by rainwater and winds. The approved Remediation Plan for the site 
and soil and tree protection studies that are to guide the remediation expressly forbid the felling of 
trees and insist on extreme caution in excavating soil near large trees.

M/s HUL has claimed that mercury is limited to the factory premises, and is not mobilised offsite by
air or water route. However, sediment samples taken from Pambar Shola along the streams draining 
the factory site have regularly returned with high mercury levels. Despite repeated requests to 
TNPCB to carry out independent verification of HUL’s claims, no studies have been commissioned 
directly by TNPCB. All decisions have been taken exactly as proposed by HUL and based on 
studies carried out by HUL’s consultants.

According to HUL’s consultants, including NEERI, the factory site contains 366 kg of mercury 
mixed in the soil at concentrations above 10 mg/kg. Of this, the proposed remediation will address 
only around 200 kg. The remainder will be allowed to remain in soil. Civil society activists have 
sounded an alarm at the implications of such a substandard clean-up on the Kodaikanal Wildlife 
Sanctuary. 

The clearfelling of forest by HUL changes everything. Even in February 2020, neighbouring 
residents had written to the DFO, Kodaikanal and other authorities about the dangers of the 
deforestation. No action has been taken. As a result, mercury contaminated soils have been allowed 
to run off at a much higher rate than earlier with no monitoring.

The following study attempts to estimate the rainwater run-off, the sediment run-off and quantum of
sediment-bound mercury discharged from the site with the rainwater. A more robust study would 
offer a better idea, but such a study is beyond the means of this organisation.

1. Rainwater Run-off potential of site:

Before Clearfelling: As per Bonnell et al (2010), infiltration rates at top layer for a forested land-
cover are between 30 and 150 mm/hr. For a 50 mm/hr rain intensity, the infiltration excess overland 
flow would be between 0 and 20 mm/hr.

• Runoff generated would be 10 mm/hr*0.001 m*1.62*10000 sq m = 162 m3/hr

Source: “The impact of forest use and reforestation on soil hydraulic conductivity in the Western Ghats of India: 
Implications for surface and sub-surface hydrology.” M. Bonell, B.K. Purandara, B. Venkatesh, Jagdish Krishnaswamy,
H.A.K. Acharya, U.V. Singh, R. Jayakumar, N. Chappell. Journal of Hydrology 391 (2010) 47–62

After Clearfelling: Assuming even 20-30 mm/hr infiltration rates in disturbed sites and 50 mm/hr 
rain intensities (rainfall can exceed 200 mm/day), the infiltration excess overland flow would be 
approximately 20-30 mm/hr and 1.62 ha total area. 

• Runoff generated would be 25 mm/hr *0.001 m * 1.62 *10000 sq m= 405 m3/hr
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2. Soil Erosion and Runoff Potential at Site

The average rate of erosion for the mercury-contaminated Unilever site was calculated using 
Universal Soil Loss Equation computed by the online Soil Erosion Calculator tool. 
https://www.ruvival.de/soil-erosion-calculator/ 

The various fields for the online calculator were filled conservatively based on known information 
from above-mentioned sources.

The Detailed Project Report prepared by the company’s consultant has classified the contaminated 
grounds within the larger factory site (8.7 ha) into several Sections – C1, C2, A, B etc.

Section Area (ha) Slope Slope length 
(m)

Crop Factor
Before/After

Till Factor
Before/After

Support 
Factor

C1 0.73 8 35 0.1/0.4 0.25/1.0 0.75

C2 0.73 15 45 0.1/0.4 0.25/1.0 0.75

A 0.16 33 40 0.1/0.4 0.25/1.0 0.75

Assumptions:
Erosivity Factor: 3100. Source: Online Erosivity Factor (II) Global map provided in online 
calculator.

Soil Erodibility: Soil type and organic matter content is required for calculation of erodibility.

Section Soil Type Organic Matter Content

C1 Clay Loam >2%

C2 Clay Loam >2%

A Silty Clay >2%

Support Factor: Cross slope
Crop Type Factor: Fruit Trees (with vegetation); Grain corn (after clearfelling)
Tillage: No Till (with vegetation); Fall plow (after clearfelling)

Results
Erosion rate is reported in tonnes of soil/ha/year

Section Before Clearfelling 
(t/ha/yr)

After Clearfelling 
(t/ha/yr)

Soil Loss by Section
Before/After
(tonnes)

C1 (0.73 ha) 39 625.6 29/457

C2 (0.73 ha) 116 1856.6 85/1355

A (0.16 ha) 394 6308 63/1009
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3. Estimation of Quantum of Mercury Leaking into Pambar Shola as Sediment-
bound Mercury with Rainwater Runoff

Area C1 
75% area has Hg in range 10-50mg/kg
20% with 50-100 mg/kg.  Rest is building 

Before Clearfelling
29*(1000)*((0.75*(30)+0.2*(75)) = 1087500 mg/ha/yr = 1.088 kg Hg/ha/yr
0.73 ha*1.088 kg of Hg/ha/year = 0.79 kg Hg/yr

After Clearfelling
457 *(1000)*((0.75*(30)+0.2*(75))) = 17137500 mg of Hg = 17.1 kg of Hg /ha/yr
0.73 ha*17.1 kg of Hg /ha/yr =  12.5 kg Hg/yr

Area C2
70% area has Hg in range 10-50 mg/kg
12% area has 50-200 mg/kg
8% area has 100-200 mg/kg

Before Clearfelling
116*(1000)*((0.7*30)+(0.12*125)+(0.08*150)) = 5568000 mg of Hg/ha/yr = 5.57 kg Hg/ha/yr
0.73 ha*5.57 kg/ha/yr = 4.06 kg/yr

After Clearfelling
1355*(1000)*((0.7*30)+(0.12*125)+(0.08*150)) = 65040000 mg of Hg = 65 kg of Hg/ha/yr 
0.73 ha*65 kg of Hg/ha/yr = 47.5 kg Hg/yr

Area A 
80% area has Hg in range 10-50 mg/kg 
20% area has Hg in range 50-100 mg/kg

Before Clearfelling
63*1000*((0.8*(30)+(0.2*(75)) = 2457000 mg of Hg/ha/yr = 2.46 kg Hg/ha/yr
0.16 ha*2.46 kg Hg/ha/yr = 0.4 kg Hg/yr

After Clearfelling
1009*(1000)*((0.8*(30)+0.2*( 75))) = 39351000 mg of Hg = 39.35 kg Hg /ha/yr
0.16 ha*39.35 kg Hg /ha/yr = 6.296 kg Hg/yr

Total across sites from 1.62 ha contaminated site containing more than 10 mg/kg mercury. 
Before Felling = 0.79+4.06+0.4 = 5.25 kg Hg/yr 
After Felling = 12.5+47.5+6.3 =  66 kg Hg/yr

4. Findings
 In 19 years between 2001 and 2020, 100 kg of mercury has leaked into Pambar Shola.
 In 18 months between January 2020 and present, another 100 kg of mercury has leaked into 

Pambar Shola.
 Soil erosion and release of soil-bound mercury has increased 12 fold because of clearfelling 

and clearing of vegetation from 4 acres of most contaminated factory grounds. Company’s 
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claim that mercury was contained within the site is wrong. Mercury was leaking into the 
Pambar Shola at a rate of 5.25 kg/year with vegetation. After clear-felling, mercury leaving 
contaminated site is about 66 kg/year.

 Clear-felling is in violation of laws. Factory site fell within 10 km Eco-sensitive Zone of 
Kodaikanal Wildlife Sanctuary. Tree felling as part of handling of mercury wastes within 
factory site required permission from State Government and National Board of Wildlife.

 NEERI, TNPCB and Forest Department have allowed the discharge of at least 200 kg of 
mercury into Pambar Shola by a known offender despite being warned against it.

 As a result of deforestation, rainwater flow into Pambar Shola has been increased from 162 
m3/hr to 405 m3/hr – an enhancement of 243 m3/hr.

Chennai Solidarity Group
No. 92, 3rd Cross, Thiruvalluvar Nagar
Besant Nagar, Chennai 600090
Contact: Nityanand Jayaraman. Mob: 9444082401. Email: nity682@gmail.com
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Kodaikanal tree felling: 65 academics, ecologists write to CM Stalin against Unilever

Hindustan Unilever Ltd has clear-felled 425 trees as part of the remediation of mercury-contaminated soil in the four acres of its now-defunct factory in

Kodaikanal, say activists.


 ENVIRONMENT | 
WEDNESDAY, SEPTEMBER 15, 2021 - 15:46

Sreedevi Jayarajan
  Follow @Sreedevi_Jay

Sixty-five artists, educators, ecologists, and environmentalists have written to Tamil Nadu Chief Minister Stalin urging the state

to take action against Hindustan Unilever Ltd or HUL for cutting down hundreds of trees in Kodaikanal.   In January 2020,

Unilever clear-felled 425 trees from its property in Kodaikanal which sees high soil mercury concentration. According to the

letter, this has now exposed the toxic soil in the land which can now wash into the adjacent Kodaikanal Wildlife Sanctuary and

eco-sensitive Pambar-Shola evergreen forests threatening its ecosystem.

In the letter to CM Stalin, the 65 signatories sounded ‘a red alert’ against Unilevel for the large-scale deforestation. “It is

shocking that the Scientific Experts Committee appointed to oversee remediation of the contaminated site has approved the

clear-felling of trees without even a cursory environmental impact assessment. Not only that, they have failed to point out and

act against Unilever’s failure to monitor the sediment and water entering the Pambar Shola as per the approved environmental

monitoring plan,” the letter reads. The letter was signed by big names including  Romulus Whitaker, Founder of Madras Snake

Park and Madras Crocodile Bank,  S. Theodore Baskaran, Former Trustee, WWF-India and the likes. 

Unilever argues that the deforestation was done as part of the remediation of mercury-contaminated soil in the four acres of its

now-defunct factory in Kodaikanal. However, the signatories argue that nowhere in Unilever’s Soil Remediation Upscaling Plan

did it ask for trees to be cut inside the property.

IMAGE CREDIT: CHENNAI SOLIDARITY GROUP
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While preparing the Remediation Plan, domain expert Soil and Water Conservation Research & Training Institute,

Udhagamandalam, “insisted on steps that need to be taken during remediation to ensure that no trees are felled,” the letter

read. It argued that this “cannot be set aside by the Scientific Experts Committee, Tamil Nadu Pollution Control Board and the

Forest Department without scientific basis or an assessment of the impacts of deforestation”.

The HUL Soil Remediation Upscaling Plan was made with directions from the Scientific Experts Committee, which was

appointed by the Supreme Court Monitoring Committee. HUL is expected to execute soil remediation based on this plan. 

-47% -31% -31% -47% -31% -47% -31%



Support us  

189

https://www.googleadservices.com/pagead/aclk?sa=L&ai=CIoCMNy1fYf-KEaOHz7sPs769iAn79-XMZaG62riOCsnqy_69CxABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_Q4OnDJIsPf3vNsccNaaO5P6bmDtb7Iiz1TaHOQ1PI8QK1GgbGHIR51NQuGD9AInnbvpDv5lLso1Q3UZi7zpMG43XAXTudqeYVg6Qc3nm4tLpLVZ-z-mi1asYn-HHwRzylkf-IZEMX4yRv0DbWKrxQHrSS8uu6HEIdoVNSh_eYFKu3QXVpzDz592Ljiqo4RHhTRr-ogKg6TKZG4Eq70kaRqVwjR4eozEHGl8bj3SFWrXtrj2oY_E_-7Nm3SLeWZN_zScGLlCSOTVylBmirJHxBPqnoUlKrTgHIFNRlzfLyB9Bh_zKJ0qRY7pYmxg-KUETlHDeD9kzMGhiOmWstR1zjw7yKOytQoJ9v9QQozFVJ4KwoMM91LPNHVVLhzDTERrBJP2YmuDWFABH9Cpqq8JurKPZ2S76hBD-iowdYGT200eJOK5VtI5WEATLC-wGoL6XAD3ij2tfdQYR0Ws7kIhQi-Lp3I3M7VpawpSDVBq0HLJiID8AEnqy185YC4AQBwAUF-gUGCCUQARgAoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgB0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeASiYGjl8O2kcki2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRoXGI-hFsisrLBLYCdZ1KtJA&sig=AOD64_06JAI7vfIQM_LR3lRFvyGw8nD0IQ&ctype=5&client=ca-pub-8648432769746717&nb=19&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-taurus%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMIv4LDvei48wIVo8NzAR0zXw-REAEYASABEgJKKPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CIoCMNy1fYf-KEaOHz7sPs769iAn79-XMZaG62riOCsnqy_69CxABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_Q4OnDJIsPf3vNsccNaaO5P6bmDtb7Iiz1TaHOQ1PI8QK1GgbGHIR51NQuGD9AInnbvpDv5lLso1Q3UZi7zpMG43XAXTudqeYVg6Qc3nm4tLpLVZ-z-mi1asYn-HHwRzylkf-IZEMX4yRv0DbWKrxQHrSS8uu6HEIdoVNSh_eYFKu3QXVpzDz592Ljiqo4RHhTRr-ogKg6TKZG4Eq70kaRqVwjR4eozEHGl8bj3SFWrXtrj2oY_E_-7Nm3SLeWZN_zScGLlCSOTVylBmirJHxBPqnoUlKrTgHIFNRlzfLyB9Bh_zKJ0qRY7pYmxg-KUETlHDeD9kzMGhiOmWstR1zjw7yKOytQoJ9v9QQozFVJ4KwoMM91LPNHVVLhzDTERrBJP2YmuDWFABH9Cpqq8JurKPZ2S76hBD-iowdYGT200eJOK5VtI5WEATLC-wGoL6XAD3ij2tfdQYR0Ws7kIhQi-Lp3I3M7VpawpSDVBq0HLJiID8AEnqy185YC4AQBwAUF-gUGCCUQARgAoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgB0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeASiYGjl8O2kcki2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRoXGI-hFsisrLBLYCdZ1KtJA&sig=AOD64_06JAI7vfIQM_LR3lRFvyGw8nD0IQ&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-taurus%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMIv4LDvei48wIVo8NzAR0zXw-REAEYASABEgJKKPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CqglCNy1fYf-KEaOHz7sPs769iAn79-XMZaG62riOCsnqy_69CxABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_Q4OnDJIsPf3vNsccNaaO5P6bmDtb7Iiz1TaHOQ1PI8QK1GgbGHIR51NQuGD9AInnbvpDv5lLso1Q3UZi7zpMG43XAXTudqeYVg6Qc3nm4tLpLVZ-z-mi1asYn-HHwRzylkf-IZEMX4yRv0DbWKrxQHrSS8uu6HEIdoVNSh_eYFKu3QXVpzDz592Ljiqo4RHhTRr-ogKg6TKZG4Eq70kaRqVwjR4eozEHGl8bj3SFWrXtrj2oY_E_-7Nm3SLeWZN_zScGLlCSOTVylBmirJHxBPqnoUlKrTgHIFNRlzfLyB9Bh_zKJ0qRY7pYmxg-KUETlHDeD9kzMGhiOmWstR1zjw7yKOytQoJ9v9QQozFVJ4KwoMM91LPNHVVLhzDTERrBJP2YmuDWFABH9Cpqq8JurKPZ2S76hBD-iowdYGT200eJOK5VtI5WEATLC-wGoL6XAD3ij2tfdQYR0Ws7kIhQi-Lp3I3M7VpawpSDVBq0HLJiID8AEnqy185YC4AQBwAUF-gUGCCUQARgBoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgC0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeASsJDjhKX-h6KcAdgTDtAVAZgWAYAXAQ&ae=1&num=1&cid=CAASEuRoXGI-hFsisrLBLYCdZ1KtJA&sig=AOD64_3L74_lR4o1C5xvK_I-hyVNif421w&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-leo%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMIv4LDvei48wIVo8NzAR0zXw-REAEYASACEgLMX_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CerXZNy1fYf-KEaOHz7sPs769iAn79-XMZaG62riOCsnqy_69CxABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_Q4OnDJIsPf3vNsccNaaO5P6bmDtb7Iiz1TaHOQ1PI8QK1GgbGHIR51NQuGD9AInnbvpDv5lLso1Q3UZi7zpMG43XAXTudqeYVg6Qc3nm4tLpLVZ-z-mi1asYn-HHwRzylkf-IZEMX4yRv0DbWKrxQHrSS8uu6HEIdoVNSh_eYFKu3QXVpzDz592Ljiqo4RHhTRr-ogKg6TKZG4Eq70kaRqVwjR4eozEHGl8bj3SFWrXtrj2oY_E_-7Nm3SLeWZN_zScGLlCSOTVylBmirJHxBPqnoUlKrTgHIFNRlzfLyB9Bh_zKJ0qRY7pYmxg-KUETlHDeD9kzMGhiOmWstR1zjw7yKOytQoJ9v9QQozFVJ4KwoMM91LPNHVVLhzDTERrBJP2YmuDWFABH9Cpqq8JurKPZ2S76hBD-iowdYGT200eJOK5VtI5WEATLC-wGoL6XAD3ij2tfdQYR0Ws7kIhQi-Lp3I3M7VpawpSDVBq0HLJiID8AEnqy185YC4AQBwAUF-gUGCCUQARgCoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgD0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS2si35PGss6xz2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRoXGI-hFsisrLBLYCdZ1KtJA&sig=AOD64_2m9aSsB_vKulKNeOevKXqPzBImXQ&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/sheesham-wood-bed-auriga%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMIv4LDvei48wIVo8NzAR0zXw-REAEYASADEgII4fD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CIxa7Ny1fYf-KEaOHz7sPs769iAn79-XMZaG62riOCsnqy_69CxABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_Q4OnDJIsPf3vNsccNaaO5P6bmDtb7Iiz1TaHOQ1PI8QK1GgbGHIR51NQuGD9AInnbvpDv5lLso1Q3UZi7zpMG43XAXTudqeYVg6Qc3nm4tLpLVZ-z-mi1asYn-HHwRzylkf-IZEMX4yRv0DbWKrxQHrSS8uu6HEIdoVNSh_eYFKu3QXVpzDz592Ljiqo4RHhTRr-ogKg6TKZG4Eq70kaRqVwjR4eozEHGl8bj3SFWrXtrj2oY_E_-7Nm3SLeWZN_zScGLlCSOTVylBmirJHxBPqnoUlKrTgHIFNRlzfLyB9Bh_zKJ0qRY7pYmxg-KUETlHDeD9kzMGhiOmWstR1zjw7yKOytQoJ9v9QQozFVJ4KwoMM91LPNHVVLhzDTERrBJP2YmuDWFABH9Cpqq8JurKPZ2S76hBD-iowdYGT200eJOK5VtI5WEATLC-wGoL6XAD3ij2tfdQYR0Ws7kIhQi-Lp3I3M7VpawpSDVBq0HLJiID8AEnqy185YC4AQBwAUF-gUGCCUQARgDoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgE0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS0PndmsHdz9N-2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRoXGI-hFsisrLBLYCdZ1KtJA&sig=AOD64_2jpFF05BcbNG-_ViEngeJs8jW8oQ&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/sheesham-wood-bed-with-storage-andromeda%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMIv4LDvei48wIVo8NzAR0zXw-REAEYASAEEgK14_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C5tQSPC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgAoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgB0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeASsJDjhKX-h6KcAdgTDtAVAZgWAYAXAQ&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_3xMXB2nB6N5uy6nRfvJW0TYA_-9w&ctype=5&client=ca-pub-8648432769746717&nb=19&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-leo%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASABEgLgCfD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C5tQSPC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgAoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgB0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeASsJDjhKX-h6KcAdgTDtAVAZgWAYAXAQ&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_3xMXB2nB6N5uy6nRfvJW0TYA_-9w&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-leo%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASABEgLgCfD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CVcrCPC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgBoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgC0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS0PndmsHdz9N-2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_2y6G9_XEuWcg4qLiDVuODUc94_rQ&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/sheesham-wood-bed-with-storage-andromeda%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASACEgIxVPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CHvqRPC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgCoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgD0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS2si35PGss6xz2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_3mpYVNcBXmmWWDUeo-NkOStpTwMw&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/sheesham-wood-bed-auriga%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASADEgLKDfD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CKDuQPC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgDoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgE0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeASiYGjl8O2kcki2BMO0BUBmBYBgBcB&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_1HCEF_hZPnZk2BMhAWzVu7Qtd_PQ&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-taurus%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASAEEgKB5PD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CGwHePC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgEoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgF0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS7b6OrLP8xLPZAdgTDtAVAZgWAYAXAQ&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_0pDD6e7-fdUAZ17SYqMB7-LSm_LA&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/sheesham-wood-bed-with-storage-auriga%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASAFEgKYhfD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CqRJ6PC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgFoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgG0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS4u3GtPGGt4znAdgTDtAVAZgWAYAXAQ&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_3Vn0OBllJF2W_ar6fMjWdg-Q3RUg&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/engineered-wood-bed-with-storage-orion%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASAGEgIhMPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C_qhUPC1fYfijA_qj3LUPg4mzyAv79-XMZaG62riOCtCqqJjZDBABINevnXNg5ZLog9gOoAG5qNKOA8gBCakCYLL6mya3TD7gAgCoAwHIA5sEqgT0Ak_QxFle8XbfMk1s1ICp5e-Dhnk9AqoGOTlV9YMjun3j_VuklSB469EEplnxtpCftfg3_tsj5QxgYXUTG34Dai3trKFVFl_bwbIS1sJjKm1ep56LF0inOWfZmTWuNTrqvuh9j3B5oNqojy6fy1uRxlLxrvApzMLDd-OOrr6d7FJ-UYl49nAVB4sq8pBzfnk6zpNIqXXnxJytBfupqhY5YtgR3KABLmf436i_U7xclHZy5jy00VnSRBcc3wMacK2k3JKtICzMW-p9FpwBK6txdw-ezTVQd7RarOjVTmEv0Qa23tWGCm6l9FCNqJP7LJgOdv3gvSHNSiSioVkKLliN9mboQ6U0tgVcQvhTHxxXpbO0XSV7WMyB84xEPr2EQ49GehzljvVpbdc1Cg7QVYONfsEeJbJWro28oT3-8V280mYqMRu72vZCTmn6EZgBKED3H-Ah1yHyzlsutgg7Fm8u6CZmBNiqwHhSvbWQU1fSd5p3H5sjUcAEnqy185YC4AQBwAUF-gUGCCUQARgGoAYugAev161xqAfw2RuoB_LZG6gHjs4bqAeT2BuoB7oGqAfulrECqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcAwAgH0ggHCIBhEAEYHfIIG2FkeC1zdWJzeW4tNDY0MTk5MzUwMzEyMDU4NYAKA5ALA5gLAcgLAYAMAbgMAeAS2PPnu_7avs-pAdgTDtAVAZgWAYAXAQ&ae=1&num=1&cid=CAASEuRohpZeCr1VfL-dEZDhilAaNg&sig=AOD64_0tKePXLigaFtfPC59Q6Dy9p6ZrCg&ctype=5&client=ca-pub-8648432769746717&nb=9&adurl=https://wakefit.co/bed/sheesham-wood-bed-andromeda%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3DGSA-Bed-Tier1B-05-Jul-21%26gclid%3DEAIaIQobChMI-LHmv-i48wIV-hG3AB2DxAy5EAEYASAHEgKkkfD_BwE
https://www.thenewsminute.com/
https://www.thenewsminute.com/supportus


10/7/21, 10:54 PM Kodaikanal tree felling: 65 academics, ecologists write to CM Stalin against Unilever | The News Minute

https://www.thenewsminute.com/article/kodaikanal-tree-felling-65-academics-ecologists-write-cm-stalin-against-unilever-155313 3/5

-47%

-47%

-31%

-31%

The letter adds that the Experts Committee and its decision and the role of TNPCB and Forest Department need to probe and

the approval to fell trees “is the basis of a crime against India’s wildlife”.   “Section 29 of the Wildlife Protection Act states that

any action that enhances the flow of water into the sanctuary can only be done in accordance with a permit granted by the

Chief Wildlife Warden. According to the enclosed study, the removal of trees is likely to have enhanced water flow into the

sanctuary during heavy rain events by 243 m3/hr – from 162 m3/hr to 405 m3/hr,” the letter explained. The deforested land is

sloping and receives plenty of rainfall. The soil- mercury erosion due to winds and rains into the Kodaikanal Wildlife Sanctuary

will not only poison the aquatic food chain in the Pambar-Shola stream but also affect the downstream fish consumers, the

letter further added. 

The letter has made three requests to the State government: 

To seek expert advice to identify measures that can be taken to mitigate damage to the sanctuary from water and soil runoff

and nearby residents from exposure to contaminated dust.

To reconstitute the Scientific Experts Committee with credible experts.

To initiate an enquiry into how TNPCB and Forest Department permitted Unilever to clear-fell trees and endanger the Wildlife

Sanctuary, and take action against them.
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RTI exposes lapses by HUL in Soil Remediation
A September 14 response to an RTI filed by the Chennai Solidarity Group, an activist group, reveals that HUL   has not analysed

soil and water samples from the silt traps in its site even once. The Remediation plan requires the company to do a weekly

analysis of soil and water from its silt traps installed to arrest soil run-off, and from the stream crossing at Levange Path inside

the Kodaikanal Wildlife Sanctuary. For the 17 months since 425 trees were removed, Unilever ought to have taken a total of

952 samples. However, HUL has never analysed the soil and water samples. 

The Tamil Nadu Pollution Control Board (TNPCB) which is required to analyse soil and water for mercury concentration has

failed to do so. The RTI response revealed that the Dindigul TNPCB office did not have any “records in the office.”

“The monitoring information and mercury mass balance are crucial to estimating the quantum of mercury leaking into the

Kodaikanal Wildlife Sanctuary. Without such information, TNPCB and the Experts Committee have no basis to claim that all is

well with the remediation. It is the hands-off approach of TNPCB and the Experts Committee that has led to the poisoning of

the sanctuary,” said Meenakshi Subramaniam, a former member of the committee appointed by the Supreme Court Monitoring

Committee to oversee mercury remediation in Kodaikanal. 

Nityanand Jayaraman of the Chennai Solidarity group says, “The failure to monitor allows Unilever to wash out tonnes of

mercury into the shola without any oversight. Most of these offenses have occurred during the tenure of the previous

government. We hope that the present government will ensure that Unilever, TNPCB and the errant experts are held to

account”. 

Further, Jhatkaa.org, a campaigning organisation along with the Chennai Solidarity Group has initiated a campaign to demand

urgent action against HUL. The online petition has received around 8000 signatures so far.

Here  is the link  to the petition.
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The guidelines in this fact sheet are for general guidance only. Site-specific conditions should be considered in the application of these
values. The values may be applied differently in various jurisdictions. The reader should consult the appropriate jurisdiction before
application of the values.

Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999

his fact sheet provides Canadian soil quality
guidelines for mercury (Hg) for the protection of
environmental and human health (Table 1).

Supporting scientific documents are also available
(Environment Canada 1996; Health Canada 1996).

Background Information

Mercury (CAS 7439-97-6) is a dense silver-white metal
that is liquid at room temperature and is characterized by
low electrical resistivity, high surface tension, and high
thermal conductivity (Andren and Nriagu 1979;
Environment Canada 1981).

The two properties that largely determine the
environmental behaviour of mercury are the high vapour
pressure of liquid mercury, yielding hazardous vapour
concentrations, and the relative insolubility of ionic and

organic forms. Mercury can exist in three stable oxidation
states: elemental mercury (Hg0, Hg(0)), mercurous ion
(Hg2

2+, Hg(I)), and mercuric ion (Hg2+, Hg(II)).

Mercury (II) can be oxidized to both inorganic and
organic salts, such as chlorides, sulphates, and organo-
mercury compounds. A wide range of organomercury
compounds are present in the environment and are
characterized by the attachment of mercury to one or two
carbon atoms to form compounds of the type R-Hg-X and
R-Hg-R', where R and R' represent the organic moiety,
and X represents a halogen. The organic moiety may take
the form of alkyl, phenyl, or methoxyethyl radicals (WHO
1976). A subclass of short-chained alkylmercurials, which
include monomethyl (CH3Hg+) and dimethylmercury
((CH3)2Hg), are the predominant organic mercury
compounds found in natural systems. Dimethylmercury is
less stable and more volatile than monomethyl compounds
(Environment Canada 1981). Other organic forms of

T

Table 1. Soil quality guidelines for mercury (mg·kg-1 ).

Land use

Agricultural
Residential/
parkland Commercial Industrial

Guideline 6.6a 6.6a 24a 50a

SQGHH

Limiting pathway for SQGHH

6.6
Soil ingestion

6.6
Soil ingestion

24
 

Soil ingestion
99
Off-site
migration

Provisional SQGHH

Limiting pathway for provisional SQGHH

NCb

ND
NCb

ND
 NCb

ND
 NCb

ND
 

SQGE

Limiting pathway for SQGE
12

 

Soil contact
12
Soil contact

50
 

Soil contact
50

 

Soil contact

Provisional SQGE
Limiting pathway for provisional SQGE

NCc

ND
 NCc

ND
 NCc

ND
 NCc

ND
 

Interim soil quality criterion (CCME 1991) 0.8 2 10
 

10

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for
human health.

aData are sufficient and adequate to calculate an SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two and represents a
fully integrated de novo guideline for this land use, derived in accordance with the soil protocol (CCME 1996a). The corresponding interim soil
quality criterion (CCME 1991) is superseded by the soil quality guideline.

bBecause data are sufficient and adequate to calculate an SQGHH for this land use, a provisional SQGHH is not calculated.

cBecause data are sufficient and adequate to calculate an SQGE for this land use, a provisional SQGE is not calculated.
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mercury are phenylmercuric acetate (PMA),
phenylmercuric chloride (PMC), methylmercuric
dicyandiamide (MMD), methylmercuric acetate (MMA),
and methylmercuric chloride (MMC).

The vapour pressure of mercury is highly dependent on
temperature, and the tendency of liquid mercury to form
small droplets increases its rate of evaporation. Mercury is
found in the environment, not as the liquid metal, but
mainly in the form of amalgams and inorganic salts, which
have lower vapour pressures than elemental mercury
(Andren and Nriagu 1979). The solubility of mercury
compounds in water increases in the order: elemental
mercury < mercurous chloride < methylmercury chloride
< mercuric chloride. The toxicity of the inorganic forms is
generally less than that of the organic compounds. Within
the inorganic forms, toxicity increases as lipid solubility
increases (Halbach 1990).

A number of mercury compounds were widely used in
agriculture, medicine, and industry in Canada and have
contributed to environmental contamination. However,
there has been no Canadian production of mercury since
1975. Total Canadian anthropogenic emissions to the
atmosphere were estimated at 39 855 kg, with the major
source being base metal recovery (40%) (Environment
Canada 1981). In 1989, Canada imported 32 442 kg of
mercury and consumed 27 364 kg (Energy, Mines and
Resources Canada 1990). Worldwide production figures
for mercury indicate generally declining use (Fergusson
1990; ATSDR 1994).

The average terrestrial concentration of mercury in the
Canadian environment is in the range of 0.01 to 0.4 mg·kg-1

(Jonasson and Boyle 1972; Gracey and Stewart 1974;
McKeague and Kloosterman 1974; Environment Canada
1979; OMEE 1994), except in areas of ore deposits, spills,
landfills, and accidents at metal-processing plants.

Frank et al. 1976 observed mercury concentrations
ranging from 0.01 to 1.14 mg·kg-1  in Ontario agricultural
soils, with a mean of 0.11 mg Hg·kg-1 . In surface soil
samples from areas not impacted by local point sources of
pollution throughout Ontario, the 98th percentiles of
mercury concentration measurements are 0.13 and
0.18 mg·kg-1  for rural parkland and old urban parkland
soils, respectively (OMEE 1993).

In Alberta soils, background mercury levels ranging from
0.01 to 0.135 mg·kg-1  have been reported (Dudas and
Pawluk 1976; Dudas and Cannon 1983; George et al.
1994). Elevated mercury levels are common in British
Columbia due to the cinnabar deposits. High soil mercury
levels are also reported in Quebec and Ontario near
areas  of known gold, copper, or zinc mineralization
(Environment Canada 1979).

Environmental Fate and Behaviour in Soil

The major soil factors that determine the fate and
behaviour of mercury are pH, organic matter and clay
content, redox potential, cation exchange capacity (CEC),
aeration, and texture. The major processes that determine
the mobility and distribution of mercury in the terrestrial
environment are adsorption, chemical reactions, leaching,
volatilization, photolysis, and biodegradation. These
processes are dependant on the soil factors mentioned
above.

In soils, mercury occurs mainly in the Hg0 and Hg2+

valence states. Depending on redox conditions, the
dimeric ion (Hg2

2+) may also be encountered. The
speciation of mercury in soils also depends on the pH and
the concentration of chloride ions. Under natural
conditions, most of the Hg2+ in the soil is either bound in
the soil minerals or adsorbed onto organic or inorganic
solids, with only a very small portion present in the soil
solution (Steinnes 1995).

Adsorption is the dominant process determining mercury’s
fate in the terrestrial environment (Hogg et al. 1978). It
depends on mercury’s chemical form, soil pH, colloids,
CEC, and redox potential (Hogg et al. 1978; Kabata-
Pendias and Pendias 1992). Adsorption is increased by the
presence of organic matter due to mercury complexation
with humic and fulvic acids, and therefore it is greater in
surface horizons due to high humus content (Lodenius et
al. 1987). Adsorption is maximized at pH 4–5
(Thanabalasingam and Pickering 1985; Semu et al. 1986)
and is decreased by Cl- ions (Andersson 1979). In neutral
and low organic matter soils, it depends on iron and clay
minerals as important adsorption sites (OECD 1993).
When added in elemental, cationic, or anionic forms,
mercury strongly adsorbs to soils (Kabata-Pendias and
Pendias 1992).

Mercury undergoes methylation by aerobic and anaerobic
bacteria (NRCC 1979; WHO 1991). Methyl mercury
species are mobile, bioavailable, and highly toxic
(Lexmond et al. 1976; Bigham and Henry 1993). Under
reduced conditions, mercury and sulphide ions form HgS,
an insoluble salt that is resistant to methylation. Under
aerobic conditions, HgS is oxidized to the sulphate form
HgSO4, which can undergo methylation. Bacterial action
can cause demethylation of methyl mercury compounds.
The chloride concentration and pH determine the
chemical form of monomethylmercuric ion complexes
(NRCC 1979).

Leaching of mercury occurs in soils with little or no
organic matter and light texture. Chloride complexes of
mercury are soluble and, hence, subject to leaching. In
acid soils, mercury is leached out in a bound form with
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organic matter, whereas in neutral and alkaline soils,
mercury is leached out in an inorganic active form
(Kabata-Pendias and Pendias 1992). Acid rain increases
leaching of mercury (Lodenius et al. 1987). Highest
leaching of mercury occurs in spring and autumn
(Jonasson and Boyle 1972).

Volatilization is due to chemical and biological transfor-
mations of mercury compounds in soils (Frear and Dills
1967; Rogers and McFarlane 1979). The main form of
mercury in the air is elemental mercury, but dimethyl-
mercury may also occur (Lindberg et al. 1987; WHO
1989). Volatilization increases with pH and temperature,
but also depends on organic matter content, redox
potential, moisture content, and pore space of the soil
(Frear and Dills 1967). Under favourable conditions, 50%
of added mercury has volatilized within a week (Gilmour
and Miller 1973).

Monomethylmercury may decompose photolytically to
elemental mercury and methyl radicals (NRCC 1979).
Dimethylmercury may be transformed to the mono form at
low pH by ultraviolet light (Jernelov 1975). Photolysis of
mercury chloride compounds may result in the production
of methylmercury ions, dimethylmercury, and metallic
mercury (Jewett et al. 1975).

Mercury is subject to biotic and abiotic transformations in
soils (Andersson 1979; Kabata-Pendias and Pendias
1992). Both aerobic and anaerobic soil microbes can
convert elemental mercury to mono and then to
dimethylmercury. On the other hand, soil microbes are
also capable of converting organic mercury to elemental
mercury, but this is a slower process (Kabata-Pendias and
Pendias 1992). Clostridium species, under anaerobic
conditions, transform several mercury species (except
HgS) to methylmercury (Yamada and Tonomura 1972).
Pseudomonas species are mainly responsible for
degrading organic and inorganic mercurials to metallic
mercury (Furukawa and Tonomura 1972). Methylmercury
is stable in soils (Rundgren et al. 1992).

Behaviour and Effects in Biota

Soil Microbial Processes

Von Stadelmann and Santschi-Fuhrimann (1987) reported
that the lowest content of total mercury at which effects
were detected (25% reduction in microbial respiration) is
in the range of 0.06 to 0.08 mg Hg·kg-1  soil. Wilke (1988)
observed similar effects at 1.3 mg Hg·kg-1  in soils.
The  soluble fractions in both studies were the same,
0.02 mg Hg·kg-1  (Lindqvist 1991).

Mercury concentrations that have been shown to reduce
microbial CO2 production in soil range from 0.1 mg·kg-1

for a 16% reduction to 400 mg·kg-1  for a 69% reduction
(Van Faassen 1973; Cornfield 1977; Landa and Fang
1978; Zelles et al. 1985, 1986; Tu 1988).

Reductions in soil nitrogen mineralization have been
reported at concentrations ranging from 6 to
1003 mg Hg·kg-1  (Van Faassen 1973; Liang and Tabatabai
1977; Wilke 1989).

Studies have also shown that nitrification has been
reduced by 8% at 50 mg Hg·kg-1  soil, by 21% at
200 mg Hg·kg-1  soil, and by 94–98% at 1003 mg Hg·kg-1

soil (Liang and Tabatabai 1978; Wilke 1989).

Terrestrial Plants

Common symptoms of mercury toxicity to plants are
inhibition of photosynthesis, stunted roots, and stunted
seedlings, all with consequent reductions in yield. Some
studies reported that the accumulation of mercury in roots
inhibits uptake of other elements, such as potassium
(Kabata-Pendias and Pendias 1992).

The lowest soil concentrations at which phytotoxic effects
have been observed are 7 and 8 mg Hg·kg-1 , which
resulted in a 50% reduction in the first bloom of turnips
and decreased growth (not quantifiable) of Bermuda grass
(Weaver et al. 1984; Sheppard et al. 1993).

The literature shows that a variety of growth endpoints are
reduced by 50% at concentrations ranging from 7 to 1000
mg Hg·kg-1  soil (Sheppard et al. 1993; Environment
Canada 1995). Twenty-five percent reductions in seedling
emergence of lettuce and radishes occurred at 11 and
73 mg Hg·kg-1  soil, respectively (Environment Canada
1995).

Macnicol and Beckett (1985) established the critical level
of mercury tissue content leading to depression of yield,
between 1 and 8 mg·kg-1  dw of tissue for barley, cabbage,
maize, and oats.

Terrestrial Invertebrates

Mercury accumulates in soil invertebrates even at low soil
concentrations (Rundgren et al. 1992). Mercury concen-
trations in invertebrates ranging from 0.79 mg·kg-1  for
harvestman (Phalangida) to 15.5 mg·kg-1  for earthworms
(Oligochaeta) have been reported by Talmage and Walton
(1993) in a mercury-contaminated site. Mean
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food chain transfer coefficients, defined as the ratio of
mercury concentration in the whole body to mercury
concentration in food, were 0.88 for herbivore/omnivore
invertebrates and 2.35 for carnivore invertebrates.

Earthworms have suffered 25% mortality in soil at
mercury concentrations ranging from 130 to 250 mg·kg-1 ,
while concentrations resulting in 50% mortality range
from 60 to 700 mg·kg-1  in varying soil types (Fisher and
Koszorus 1992; Sheppard et al. 1993; Environment
Canada 1995).

Livestock and Wildlife

In mammals and birds, mercury is usually absorbed
through the gastrointestinal tract and through the lungs
(WHO 1976; NRCC 1979). Mercury levels are generally
highest in the kidney and liver tissues (NRCC 1979;
WHO 1989). Brain tissue also absorbs mercury in vapour
and organic forms (Aschner and Aschner, 1990). The
principal routes of elimination of mercury from the body
are through the urine and feces.

Hill and Soares (1984) provide the only toxicological
study using inorganic mercury. The LC50 for Coturnix
(Cotornix japonica) was 1751 mg·kg-1  bw per day. All of
the other livestock and wildlife studies found reported the
toxicological effects of organic mercury compounds.

Human and Experimental Animal Health
Effects

The pharmacokinetics and toxicological effects of
inorganic mercury compounds have been compre-
hensively reviewed by WHO (1991), ATSDR (1994), and
Health and Welfare Canada (1986) and will not be
reiterated here.

The International Agency for Research on Cancer working
group on the evaluation of carcinogenic risk to humans
classified inorganic mercury compounds as “not
classifiable as to their carcinogenicity to humans”
(Group 3) on the basis of inadequate evidence in humans
for the carcinogenicity of mercury and mercury
compounds and limited evidence in experimental animals
for the carcinogenicity of mercuric chloride (IARC 1993).
Although using the same weight of evidence as WHO
(1993), the U.S. Environment Protection Agency (IRIS
1996) recently classified mercuric chloride as a possible
human carcinogen (Group C). Inorganic mercury
compounds have not been classified by Health Canada
with respect to human carcinogenicity.

The kidney is the critical organ following the ingestion of
inorganic divalent mercury salts (WHO 1991; NTP 1993).
The most sensitive adverse effect on the kidney in animal
studies is the formation of mercury-induced auto-immune
glomerulonephritis, the first step of which is the
production and deposition of IgG (immunoglobulin G)
antibodies on the glomerular basement membrane (WHO
1991; IRIS 1996). This effect has been consistently
observed in studies using the brown Norway rat, a strain
considered to be the most sensitive for this endpoint
(WHO 1991; IRIS 1996). Laboratory studies using mice
(Hultman and Enestrom 1992) and rabbits (Lindqvist et al.
1974), as well as clinical studies (WHO 1991), have also
demonstrated the same critical effect after exposure to
relatively low doses of inorganic divalent mercury salts by
various routes.

In 1995, after an extensive review and workshop
discussions of the entire database of studies on inorganic
mercury compounds, the U.S. Environment Protection
Agency affirmed the oral reference dose (RfD) for
inorganic mercury (mercuric chloride) established in 1985
(IRIS 1996). This oral RfD of 0.0003 mg·kg-1  bw per day
is based on the back calculations from a drinking water
equivalent level (DWEL) of 0.10 mg·L-1 , assuming a
water consumption rate of 2 L per day and a body weight
of 70 kg. The DWEL was recommended on the basis of
the weight of evidence from three key studies using the
brown Norway rat (Druet et al. 1978; Bernaudin et al.
1981; Andres 1984) and limited human tissue studies. In
those studies, brown Norway rats were administered
mercuric chloride by subcutaneous injection (Druet et al.
1978) or by gavage in water (Bernaudin et al. 1981;
Andres 1984). The LOAEL doses were determined to be
0.226 mg·kg-1  bw per day (after conversion from
subcutaneous route (100% absorption) to oral route (7%)
(Health Canada 1996), 0.317 mg·kg-1  bw per day
(Bernaudin et al. 1981), and 0.633 mg·kg-1  bw per day
(Andres 1984). An uncertainty factor of 1000 was applied
(10 for the use of subchronic studies, a combined 10 for
both animal to human and sensitive human populations
and 10 for the use of LOAELs instead of NOAELs); no
modifying factor was used.

Other agencies such as the World Health Organization
(WHO 1993) and (Health and Welfare Canada 1986)
have conservatively based their drinking water
guidelines for mercury (as total) on the neurological
effects of methyl mercury in human populations; hence,
no TDIs were derived for inorganic mercury. The oral
RfD of 0.0003 mg·kg-1  bw per day as inorganic divalent
mercury, recently reaffirmed by the U.S. Environment
Protection Agency (IRIS 1996), is therefore adopted as
an oral TDI for the derivation of human health soil
quality guidelines.
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Guideline Derivation

Canadian soil quality guidelines are derived for different
land uses following the process outlined in CCME
(1996a) using different receptors and exposure scenarios
for each land use (Table 1). Detailed derivations of the
soil quality guidelines for mercury are provided in
Environment Canada (1996) and Health Canada (1996).

Soil Quality Guidelines for Environmental Health

Environmental soil quality guidelines (SQGEs) are based
on soil contact using data from toxicity studies on plants
and invertebrates. In the case of agricultural land use, soil
and food ingestion toxicity data for mammalian and avian
species are included. To provide a broader scope of pro-
tection, a nutrient and energy cycling check is calculated.
For industrial land use, an off-site migration check is also
calculated.

For all land uses, the preliminary soil contact value (also
called threshold effects concentration [TEC] or effects
concentration low [ECL], depending on the land use) is
compared to the nutrient and energy cycling check. If the
nutrient and energy cycling check is lower, the geometric
mean of the preliminary soil contact value and the nutrient
and energy cycling check is calculated as the soil quality
guideline for soil contact. If the nutrient and energy
cycling check is greater than the preliminary soil contact
value, the preliminary soil contact value becomes the soil
quality guideline for soil contact.

For agricultural land use, the lower of the soil quality
guideline for soil contact and the soil and food ingestion
guideline is recommended as the SQGE.

For residential/parkland and commercial land uses, the
soil quality guideline for soil contact is recommended as
the SQGE.

For industrial land use, the lower of the soil quality
guideline for soil contact and the off-site migration check
is recommended as the SQGE.

In the case of mercury, the recommended SQGE is based
on the soil contact guideline for all land use categories
(Table 2).

Soil Quality Guidelines for Human Health

Human health soil quality guidelines for threshold
contaminants are derived using a TDI for the most
sensitive receptor designated for a land use.

The CCME recommends the application of various check
mechanisms, when relevant, in order to provide a broader
scope of protection. The lowest of the soil ingestion
guidelines and any of the calculated checks is
recommended as the SQGHH.

Soil Quality Guidelines for Mercury

For each land use category, the soil quality guideline for
mercury is the lower of the SQGHH and SQGE (Table 1).

CCME (1996b) provides guidance on potential
modifications to the final recommended soil quality
guideline when setting site-specific objectives.
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Table 2. Soil quality guidelines and check values for mercury (mg·kg-1).

Land use

Agricultural
Residential/
parkland Commercial Industrial

Guideline 6.6a 6.6a 24a 50a

Human health guidelines/check values

SQGHH 6.6b 6.6b 24b 99b

Soil ingestion guideline 6.6 6.6 24 690

Inhalation of indoor air check NCc NCc NCc NCc

Off-site migration check — — — 99

Goundwater check (drinking water) NCd NCd NCd NCd

Produce, meat, and milk check NCe NCe — —

Provisional SQGHH

Limiting pathway for provisional SQGHH

NCf

ND
NCf

ND
NCf

ND
NCf

ND

Environmental health guidelines/check values

SQGE 12g 12g 50g 50g

Soil contact guideline 12 12 50 50

Soil and food ingestion guideline NCh — — —

Nutrient and energy cycling check 20 20 52 52

Off-site migration check — — — 142

Groundwater check (aquatic life) NCd NCd NCd NCd

Provisional SQGE
Limiting pathway for provisional SQGE

NCi

ND
NCi

ND
NCi

ND
NCi

ND

Interim soil quality criterion (CCME 1991) 0.8 2 10 10

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human
health. The dash indicates a guideline/check value that is not part of the exposure scenario for this land use and therefore is not calculated.

aData are sufficient and adequate to calculate an SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two and represents a fully
integrated de novo guideline for this land use, derived in accordance with the soil protocol (CCME 1996a). The corresponding interim soil quality
criterion (CCME 1991) is superseded by the soil quality guideline.

bThe SQGHH is the lowest of the human health guidelines and check values.

cApplies only to volatile organic compounds and is not calculated for metal contaminants.

dApplies to organic compounds and is not calculated for metal contaminants. Concerns about metal contaminants should be addressed on a site-
specific basis.

eApplies to nonpolar organic compounds and is not calculated for metal contaminants. Concerns about metal contaminants should be addressed on a
site-specific basis.

fBecause data are sufficient and adequate to calculate an SQGHH for this land use, a provisional SQGHH is not calculated.

gThe SQGE is the lowest of the environmental health guidelines and check values.

hThere are insufficient data to calculate a soil and food ingestion guideline for inorganic mercury. Using data available for organic mercury, a soil and
food ingestion guideline of 19 mg·kg-1  soil has been calculated.

iBecause data are sufficient and adequate to calculate an SQGE for this land use, a provisional SQGE is not calculated.
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PART A Page 10 
 

The human health soil quality guidelines are established after accounting for this background 
exposure to ensure that the tolerable daily intake (TDI) of the contaminant is not exceeded. 
 
2.3 Land Use 
 
Generic soil quality guidelines are derived to protect human and key ecological receptors that 
sustain normal activities for four land use categories: agricultural, residential/parkland, 
commercial, and industrial.  Generic land use scenarios are envisioned for each category based 
on how the land is used and on how sensitive and dependent the activity is on the land. 
Sensitivity to contamination increases among ecological or human health components most 
dependent on land use activities (i.e., agricultural and residential/parkland) (see Figure 3).  
 
The definition of each land use accommodates generic conditions and puts boundaries on the 
receptors and exposure pathways considered in the guideline derivation for that land use.  The 
four defined land uses are as follows: 
 
Agricultural: where the primary land use is growing crops or tending livestock.  This also 
includes agricultural lands that provide habitat for resident and transitory wildlife and native 
flora. 
 
Residential/Parkland: where the primary activity is residential or recreational activity; parkland 
is defined as a buffer between areas of residency, and also includes campground areas, but 
excludes wildlands such as national or provincial parks. 
 
Commercial: where the primary activity is commercial (e.g., shopping mall) and not residential 
or manufacturing.  This does not include zones where food is grown. 
 
Industrial: where the primary activity involves the production, manufacture, or construction of 
goods.  
 
Key biological receptors and exposure pathways were identified for each land use to protect soil 
quality and maintain activities performed on these lands.  Recognizing differences in analyzing 
human health and ecological issues, soil quality guidelines for each chemical are developed for 
both ecological and human receptors.  For each of the four land uses, to protect both human 
health and the environment, the most protective guideline is chosen as the recommended soil 
quality guideline. 
 
The defined exposure scenarios used to develop the soil quality guidelines do not cover the full 
spectrum of the types of sites, environments, and organism-site interactions that can exist (see 
Figure 3).  For example, a natural areas land use has not been defined.  The applicable exposure 
pathways for natural areas could vary considerably among different sites due to differences, for 
example, in: resident wildlife species; presence of campers, hikers, trappers, etc.; consumption of 
country foods by local residents.  As a conservative approach, the soil quality guidelines for 
agricultural land use could be applied to natural areas; alternatively, site-specific exposure 
scenarios could be considered.  Additional land uses and exposure scenarios may be developed 
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