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Wood is made up of cellulose fibres (fibre) bound together by lignin.  The Kraft pulping process 

used at Northern Pulp utilizes chemicals to separate the fibres from the lignin.  Wood chips are cooked in 

a solution of chemicals (referred to as cooking liquor) that dissolve the lignin from the wood chip leaving 

wood fibre.  The lignin is then suspended in the spent chemical.  The lignin and chemicals are then washed 

out of the cooked pulp solution so that they can be recovered and recycled for reuse.  A portion of that wash 

water ends up as effluent that needs to be treated. 

Effluent quality, or composition, reflects the nature of the raw water inputs, the furnish (fibres, fillers, 

etc.), the various processes used to break down the wood structure and the level and type of effluent 

treatment in place.  The total wood mass of a living tree varies seasonally because of the moisture content, 

which can vary between 40% and 50% of the total wood mass. The chemical constituents of dry wood 

species can be categorized as structural substances and non-structural substances. Structural substances 

tend to be high-molecular weight (HMW) compounds such as cellulose, hemicelluloses and lignin. Non-

structural substances are mostly low-molecular-weight (LMW) compounds such as extractives, some 

water-soluble organics, and inorganics.  Figure 1-1, below, further expands on this categorization: 

Figure 1-1: General Classification and Content of the Chemical Wood Components 
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Traditionally, the separation between low molecular weight (LMW) and high molecular weight 

(HMW) is done at 1000 Daltons (grams/mole or g/mol, a unit of molecular mass). Bleached kraft mill 

effluents have an extended molecular weight distribution; from diverse LMW monomeric compounds to 

large and complex HMW molecules with molecular weights between 10,000 and 30,000 g/mol. The 

molecular weight distribution depends on the raw material and the bleaching process used. For example, 

the average molecular weight of organic matter in hardwood kraft pulp effluents is lower than the 

corresponding softwood effluents. 

 Research has shown that the HMW fraction contributed to approximately 40% of the total effluent 

load of COD both in softwood and hardwood ECF (elemental chlorine free) bleached pulps production (see 

Section 1.5). Additionally, the largest differences between softwood- and hardwood-derived effluents are in 

the aromatic region. The aromatic lignin-derived structures, such as syringyl and guaiacyl units, are not 

important structural elements in HMW effluent materials from ECF bleaching of oxygen delignified 

hardwood kraft pulps, but are important in softwood HMW effluents.  

Similarly, research has shown that all HMW effluent fractions contained carbohydrates. The 

carbohydrates found in the HMW effluent materials were oligosaccharides, polysaccharides, or both, either 

in dissolved or colloidal form. As can be expected, the HMW hardwood kraft effluent fraction contained 

more carbohydrates (mainly xylan) than the corresponding samples from softwood kraft effluents. 

Significant levels of carboxylic acids, formed due to the oxidation of lignin structures in the bleaching 

process, also show up in the HMW effluent fractions. 

The LMW compounds can be broadly classified into three main classes: acids, phenolic 

compounds and neutral compounds. The phenolic compounds and some of the acids are degradation 

products from lignin, while the resin acids, fatty acids, terpenes and sterols are residues of extractives 

present in the raw material (wood).   

More than 50% of the wood used by Northern Pulp to make its products is mixed spruce (white, 

black and red), which are typically low in extractives (see Table 1.1) compared to other softwood species 

such as jack pine, balsam fir, larch and hemlock, also used at the mill.  Some hardwoods, such as aspen, 

red maple, sugar maple and birch, are also present in the wood mix in some pulp grades, but typically 

consist of less than 20% of the total mix of the wood furnish. 
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Because of this, chlorinated compounds formed during ECF pulp production technology will neither 

be recalcitrant with respect to breakdown in the environment nor resistant to biodegradation. Pulp mill AOX 

will ultimately be mineralized through photochemical and biological processes. During this mineralization, 

the chlorinated organic material will be released as chloride ions (Cl-) and carbon dioxide (CO2), as can be 

observed by the analytical results presented in Table 1-2, where chloride levels in the untreated effluent 

(Point A) are notably greater than the raw water figures. 

Individual substances present in effluents from current pulping and pre-bleaching processes are 

investigated to a lesser extent since they are recycled during chemical recovery. Numerous studies have 

firmly established that concentrations of PCDDs, PDCFs and polychlorophenols in effluents from ECF 

bleaching are close to or below the level of detection (see Section1.3.7).  A large body of research, 

conducted after 1993, has concluded that substances identified in ECF bleaching are predicted to be readily 

biodegradable whereas less is known about the types of compounds in TCF bleaching effluent. 

1.2.4 Physicochemical Properties of Pulping/ClO2 Bleaching By-Products 

High molecular weight, hydrophobic, chlorinated organic compounds exhibit substantially different 

environmental behavior and toxicological modes of action than more hydrophilic chlorinated or non-

chlorinated compounds. Lower molecular weight, more soluble substances exhibit little tendency to 

biomagnify, and have less potential for exerting insidious or food-web mediated toxic effects at the 

community and ecosystem level.  

Minimization of highly bioaccumulative and persistent substances in final effluent will limit effects 

of long-term exposure to the effluent and shift the focus of concern to possible immediate or limited duration 

(acute) environmental effects for organisms directly exposed, followed secondarily by ecological 

consequences at higher levels of biological organization.  It is clear that 100% ClO2 substitution drastically 

reduces the production of higher chlorinated, more bioaccumulative phenolics (3 chlorine substituents) in 

final effluents. Few compounds in treated ECF mill effluents exhibit a log Kow > 5.0 (the threshold for 

substantial biomagnification potential)1 or have the additional property of being relatively persistent in living 

organisms due to their resistance to metabolic modification. 

                                                      
1 The n-octanol/water partition coefficient (Kow) is used as a screening test for bio-accumulation test. The 
log Kow value is a very important parameter for predicting the distribution of a substance in various 
environmental compartments (water, soil, air, biota, etc). Substances with high log Kow values tend to 
adsorb more readily to organic matter in soils or sediments because of their low affinity for water.  
Chemicals with very high log Kow values (i.e, >5.0) are of greater concern because they may have the 
potential to bio-concentrate in living organisms.  The assumption behind this is that the uptake of an 
organic substance is driven by its hydrophobicity. For organic substances with a log Kow value below 5, 
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The following results are based on the averages of the samples collected as described in section 

1.3 above.  Again all analyses were performed on the total sample that includes both the liquid and solid 

portions. 

Inorganics Units Raw water Point A Point C Caribou 
Harbour 

Parameters where Point C results are greater than Caribou Harbour 

Total Alkalinity (Total as CaCO3)  mg/l 18.5 190 343 91 

Turbidity NTU 15 55 28 1 

Volatile Suspended Solids mg/l ND 90 37 0.88 

Total Kjeldahl Nitrogen (TKN) mg/l 0.13 2.8 4.6 0.20 

Nitrogen (Ammonia Nitrogen) mg/l ND 0.9 1.54 ND 

Dissolved Organic Carbon (C) mg/l 4.4 260 15 1.9 

Total Organic Carbon (C) mg/l 4.1 230 170 2.3 

Orthophosphate (P) mg/l 0.007 0.62 0.39 ND 

Reactive Silica (SiO2) mg/l 2.7 8.3 9.0 ND 

Dissolved Chlorite (CLO2-) mg/l ND ND 1.1 ND 

Sulphide mg/l ND 0.33 1.3 ND 

Parameters where Point C results are lower than Caribou Harbour 

Conductivity mS/cm 125 1,350 1,570 42,500 

Salinity PSU ND ND ND 28 

Dissolved Chloride (Cl-) mg/l 23 140 170 16,000 

Dissolved Sulphate (SO4) mg/l 7.7 280 270 1,930 

Parameters where Point C results are the same as Caribou Harbour 

Nitrate + Nitrite (N) mg/l 0.27 0.14 ND ND 

Nitrite (N) mg/l ND 0.035 ND ND 

Dissolved Chlorate (ClO3-) mg/l ND 103 ND ND 

Total Cyanide (CN) mg/l ND ND ND ND 
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The increase in chloride content from Point A to Point C is as expected as a result of the reduction 

of chlorine dioxide to dissolved chloride ions (Cl-).  The natural concentration of chloride ion present in 

Caribou Harbour is 100 times greater than the chloride ion concentration of Point C effluent.   

1.3.2 Metals 

Table 1-3 below, shows the comparative results of the analysis of raw water, untreated effluent 

from Point A, treated effluent from Point C and water from Caribou Harbour for a full suite of metals.  

Table 1-3: Analytical Results, Metals 

Metals Units Raw water Point A Point C3 Caribou Harbour 

Metals measured in higher concentrations at Point C than at Caribou Harbour 

Total Arsenic (As) µg/l ND 0.6 1.1 ND 

Total Cadmium (Cd) µg/l ND 1.40 1.03 ND* 

Total Chromium (Cr) µg/l 0.75 3.4 2.3 ND 

Total Lead (Pb) µg/l ND 4.3 2.4 ND 

Total Manganese (Mn) µg/l 38 2,600 2,500 ND 

Total Nickel (Ni) µg/l ND 3.3 3.2 ND 

Total Aluminum (Al) µg/l 405 2,150 1,673 ND 

Total Barium (Ba) µg/l 32 415 367 13 

Total Cobalt (Co) µg/l ND 0.78 0.51 ND 

Total Copper (Cu) µg/l 3.8 11.5 5.8 ND 

Total Iron (Fe) µg/l 405 1,130 465 ND 

Total Mercury (Hg) µg/l ND ND 0.022 ND 

Total Phosphorus (P) µg/l ND 1,165 1,425 ND 

Total Silver (Ag) µg/l ND 0.41 0.25 ND 

Total Titanium (Ti) µg/l 7.3 44 12 ND 

Total Vanadium (V) µg/l ND 3.2 3.6 ND 

Total Zinc (Zn) µg/l ND 255 110 ND 

* Cadmium of 0.12 µg/l was detected in one Caribou Harbour sample, all others were below the 0.1 µg/l 
detection limit.  

  

                                                      
3 The metals analysis data for Point C, in addition to the samples collected for this report, were also taken 
from test data collected during annual testing done since 2015 and averaged. 
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1.3.2.1 Metals measured in higher concentrations at Point C than at Caribou Harbour 

The first set of metals that need to be analyzed are those shown in italics in Table 1-3, which are 

arsenic, cadmium, chromium, lead, manganese and nickel.  These metals are naturally present in wood 

and have been identified by the US EPA as being the main components in particulate matter generated by 

biomass boilers4.  It is therefore natural to observe them in pulp and paper mill effluents.  Two other metals 

shown in italics in the non-detect list above, beryllium and selenium, are also part of this group but have 

not been detected in any of the samples tested. Some of these metals are also present, in lesser quantities, 

in the raw water used by the mill and are naturally occurring in the environment. 

Other metals, such as cobalt, titanium, copper, zinc and aluminum are also likely coming from the 

pulping process as non-process elements in the wood itself.  As described earlier, these non-process 

elements are regularly purged from the system, either via the effluent or solid waste, in order to protect the 

integrity of the equipment and the process. Except for aluminum, which is used as alum (aluminum 

sulphate) in the treatment of raw water from Middle River, none of these metals are components of additives 

used in the pulping process. 

It is important to note that the effluent from municipal treatment systems also contain some of these 

heavy metals.  The most commonly encountered heavy metals in municipal wastewater include cadmium, 

mercury, lead and arsenic.  

Table 1-3 shows that a low concentration of mercury is detected in the final Point C effluent, but is 

non-detect in any of the samples of Point A untreated effluent.  Elements such as mercury cannot be created 

through the secondary treatment process if they were not present in the incoming effluent. This means that 

its release to the environment is likely caused by an external factor, such as, potentially the treatment of 

the Boat Harbour Landfill leachate in the current ASB.  Implementation of the new ETF should eliminate 

the presence of mercury from the final effluent.  Confirmation, through future testing, will be needed to 

confirm that mercury is non-detect in future effluent.   

  

                                                      
4 https://www.federalregister.gov/documents/2015/01/21/2014-29569/national-emission-standards-for-
hazardous-air-pollutants-for-major-sources-industrial-commercial-and 
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Phenols Units Raw water Point A Point C 
Caribou 

Harbour 

Phenols not detected  

3-Chlorophenol µg/l ND ND ND ND 

4-Chlorophenol µg/l ND ND ND ND 

5,6-Dichlorovanillin µg/l ND ND ND ND 

3,4,5 Trichlorosyringol µg/l ND ND ND ND 

2,6 Dichlorophenol µg/l ND ND ND ND 

3,5 Dichlorophenol µg/l ND ND ND ND 

2,3 Dichlorophenol µg/l ND ND ND ND 

3,4 Dichlorophenol µg/l ND ND ND ND 

2,4 +2.5- Dichlorophenol µg/l ND ND ND ND 

2-Nitrophenol µg/l ND ND ND ND 

4-Nitrophenol µg/l ND ND ND ND 

2,4,6-Trichlorophenol µg/l ND ND ND ND 

2,3,5 Trichlorophenol µg/l ND ND ND ND 

2,3,6 Trichlorophenol µg/l ND ND ND ND 

2,4,5 Trichlorophenol µg/l ND ND ND ND 

2,3,4 Trichlorophenol µg/l ND ND ND ND 

3,4,5 Trichlorophenol µg/l ND ND ND ND 

4-Chloroguaiacol µg/l ND ND ND ND 

4,5 Dichloroguaiacol µg/l ND ND ND ND 

4,6 Dichloroguaiacol µg/l ND ND ND ND 

2,3,5,6 Tetrachlorophenol µg/l ND ND ND ND 

2,3,4,6 Tetrachlorophenol µg/l ND ND ND ND 

2,3,4,5 Tetrachlorophenol µg/l ND ND ND ND 

4 Chlorocatechol µg/l ND ND ND ND 

3,5 Dichlorocatechol µg/l ND ND ND ND 

4,5 Dichlorocatechol µg/l ND ND ND ND 
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Phenols Units Raw water Point A Point C 
Caribou 

Harbour 

3,4,5 Trichloroguaiacol µg/l ND ND ND ND 

4,5,6  Trichloroguaiacol µg/l ND ND ND ND 

Pentachlorophenol µg/l ND ND ND ND 

23,4,5 Trichlorocatechol µg/l ND ND ND ND 

Tetrachlorocatechol µg/l ND ND ND ND 

Tetrachloroguaiacol µg/l ND ND ND ND 

4,5 Dichloroveratrol µg/l ND ND ND ND 

3,4,5 Trichloroveratrol µg/l ND ND ND ND 

3,4,5,6 Tetrachloroveratrol µg/l ND ND ND ND 

Phenols are the basic structural unit in a wide variety of synthetic organic compounds. Phenol and 

its higher homology are aromatic molecules containing hydroxyl group attached to the benzene ring 

structure. The origin of phenol in the environment is both industrial and natural. Phenol pollution has been 

associated with pulp and paper mills, coal mines, refineries, wood preservation, plants & various chemicals 

industries as well as their wastewaters. Due to their high inhibitory and antibacterial activity, high levels of 

phenols may create problems in the operation of biological treatment plants. They also add odour to drinking 

and food processing water and have mutagenic and carcinogenic effects. Phenol is also a priority pollutant 

and is included in the EPA list (1979). 

There are typically two types of phenols encountered in pulp and paper mill effluents: wood-based 

phenols, which would originate from the unbleached side of the mill, and chlorinated phenols, which would 

be present in bleach plant effluents.  Both are considered to be of intermediate molecular weight (from 100 

to 1000 Daltons.), are moderately to highly soluble in water and are readily biodegradable, as can be seen 

when comparing the test results between Points A and C.   

These compounds, for the most part, have low log Kow values (see Section 1.2.4) and are not likely 

to biomagnify or bioaccummulate. Their environmental half-life, when known, is measured in days to weeks, 

depending on the level of chlorination of the molecule.   
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1.3.4 Fatty Acids and Resin Acids 

Table 1-5 and Table 1-6, below, show the comparative results of the analysis of raw water, 

untreated effluent from Point A, treated effluent from Point C and water from Caribou Harbour for a 

comprehensive suite of fatty and resin acids. All fatty and resin acid results are based on 2019 data sets 

only. 

Table 1-5: Analytical Results, Fatty Acids 

Fatty Acids Units Raw water Point A Point C 
Caribou 
Harbour 

Total Fatty Acids mg/l ND ND 0.335 ND 

Fatty acids measured at Point C but not in Caribou Harbour 

9,10-Dichlorostearic acid mg/l ND ND 0.008 ND 

Docosanoic acid (C22) mg/l ND ND 0.180 ND 

Eicosanoic acid (C20) mg/l ND ND 0.054 ND 

Hexadecanoic acid (C16) mg/l ND 0.36 0.027 ND 

Linoleic acid (C18:2) mg/l ND 2.1 0.013 ND 

Octadecanoic acid (C18) mg/l ND ND 0.029 ND 

Oleic acid (C18:1) mg/l ND 0.65 0.030 ND 

Fatty acids not detected 

Decanoic Acid (C10) mg/l ND ND ND ND 

Dodecanoic acid (C12) mg/l ND ND ND ND 

Linolenic acid (C18:3) mg/l ND ND ND ND 

Tetradecanoic acid (C14) mg/l ND ND ND ND 

Undecanoic acid (C11) mg/l ND ND ND ND 
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1.3.5 Polyaromatic Hydrocarbons (PAHs) and Volatile Organics (VOCs) 

Table 1-7 and Table 1-8, below, show the comparative results of the analysis of raw water, 

untreated effluent from Point A, treated effluent from Point C and water from Caribou Harbour for a 

comprehensive suite of  polyaromatic hydrocarbons and volatile organics.  

Table 1-7: Analytical Results, Polyaromatic Hydrocarbons 

Polyaromatic Hydrocarbons Units Raw 
water Point A Point C Caribou 

Harbour 

Polyaromatic hydrocarbons measured at Point C but not in Caribou Harbour 

Fluoranthene µg/l ND ND 0.04 ND 

Phenanthrene µg/l ND 0.039 0.044 ND 

Polyaromatic hydrocarbons not detected 

1-Methylnaphthalene µg/l ND ND ND ND 

2-Methylnaphthalene µg/l ND ND ND ND 

Acenaphthene µg/l ND ND ND ND 

Acenaphthylene µg/l ND ND ND ND 

Anthracene µg/l ND ND ND ND 

Benzo(a)anthracene µg/l ND ND ND ND 

Benzo(a)pyrene µg/l ND ND ND ND 

Benzo(b)fluoranthene µg/l ND ND ND ND 

Benzo(b/j)fluoranthene µg/l ND ND ND ND 

Benzo(g,h,i)perylene µg/l ND ND ND ND 

Benzo(j)fluoranthene µg/l ND ND ND ND 

Benzo(k)fluoranthene µg/l ND ND ND ND 

Chrysene µg/l ND ND ND ND 

Dibenz(a,h)anthracene µg/l ND ND ND ND 
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Polyaromatic Hydrocarbons Units Raw 
water Point A Point C Caribou 

Harbour 

Fluorene µg/l ND ND ND ND 

Indeno(1,2,3-cd)pyrene µg/l ND ND ND ND 

Naphthalene µg/l ND ND ND ND 

Perylene µg/l ND ND ND ND 

Pyrene µg/l ND ND ND ND 

Table 1-8: Analytical Results, Volatile Organics 

Volatile Organics Units Raw water Point A Point C 
Caribou 
Harbour 

Volatile organics measured at Point A but not at Point C nor in Caribou Harbour 

Chloroform7 µg/l 2.1 8.7 ND ND 

Volatile organics not detected 

1,1-Dichloroethane µg/l ND ND ND ND 

1,1-Dichloroethylene µg/l ND ND ND ND 

1,1,1-Trichloroethane µg/l ND ND ND ND 

1,1,2-Trichloroethane µg/l ND ND ND ND 

1,1,2,2-Tetrachloroethane µg/l ND ND ND ND 

Ethylene Dibromide µg/l ND ND ND ND 

1,2-Dichlorobenzene µg/l ND ND ND ND 

1,2-Dichloroethane µg/l ND ND ND ND 

cis-1,2-Dichloroethylene µg/l ND ND ND ND 

trans-1,2-Dichloroethylene µg/l ND ND ND ND 

1,2-Dichloropropane µg/l ND ND ND ND 

1,3-Dichlorobenzene µg/l ND ND ND ND 

cis-1,3-Dichloropropene µg/l ND ND ND ND 

trans-1,3-Dichloropropene µg/l ND ND ND ND 

1,4-Dichlorobenzene µg/l ND ND ND ND 

Benzene µg/l ND ND ND ND 

Bromodichloromethane µg/l ND ND ND ND 

  

                                                      
7 Production data for days when samples were taken for chloroform testing are shown in Section 1.2.1. 
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Volatile Organics Units Raw water Point A Point C Caribou 
Harbour 

Bromoform µg/l ND ND ND ND 

Bromomethane µg/l ND ND ND ND 

Carbon Tetrachloride µg/l ND ND ND ND 

Chlorobenzene µg/l ND ND ND ND 

Chloroethane µg/l ND ND ND ND 

Chloromethane µg/l ND ND ND ND 

Dibromochloromethane µg/l ND ND ND ND 

Methylene Chloride 
(Dichloromethane) 

µg/l ND ND ND ND 

Ethylbenzene µg/l ND ND ND ND 

Methyl t-butyl ether (MTBE) µg/l ND ND ND ND 

Styrene µg/l ND ND ND ND 

Tetrachloroethylene µg/l ND ND ND ND 

Toluene µg/l ND ND ND ND 

Trichloroethylene µg/l ND ND ND ND 

Trichlorofluoromethane  
(FREON 11) 

µg/l ND ND ND ND 

Vinyl Chloride µg/l ND ND ND ND 

o-Xylene µg/l ND ND ND ND 

p+m-Xylene µg/l ND ND ND ND 

Total Xylenes µg/l ND ND ND ND 

1.3.5.1 Polyaromatic Hydrocarbons 

Polyaromatic hydrocarbons (PAH) are composed of multiple aromatic rings (organic rings in which 

the electrons are delocalized). The simplest such chemicals are naphthalene, having two aromatic rings, 

and the three-ring compounds anthracene and phenanthrene. PAHs are uncharged, non-polar molecules 

found in coal and in tar deposits. They are also produced by the thermal decomposition of organic matter 

(for example, products of combustion in engines and incinerators or forest fires). 

The greater majority of all polyaromatic hydrocarbons tested were not detected in any of the 

samples, as presented in Table 1-7.  Two compounds, however, were detected in the effluent: fluoranthene 

and phenanthrene.  
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The only volatile organic compound detected in the various samples tested has been chloroform, 

which is an extremely volatile but, as shown in Table 1-8 is a readily biodegradable compound generated 

during the bleaching of pulp with hypochlorite, chlorine, or chlorine dioxide. Hypochlorite bleaching 

(common in some mechanical pulping applications) results in the greatest amount of chloroform generation 

while chlorine dioxide bleaching, the only chlorine-based chemical used for bleaching at Northern Pulp, 

results in the least amount of chloroform generation.  As chloroform is generated, it partitions to air and to 

bleach plant effluent (though, some of the chloroform remains with the pulp). Any chloroform found in bleach 

plant effluent that is not emitted to the air prior to reaching the wastewater treatment plant is volatilized and 

degraded during secondary treatment. As would be expected, chloroform is not present in the Point C final 

effluent.   

The major effect from acute (short-term) inhalation exposure to chloroform is central nervous 

system depression.  Chronic (long-term) exposure to chloroform by inhalation in humans has resulted in 

effects on the liver, including hepatitis and jaundice, and central nervous system effects, such as depression 

and irritability.  Chloroform has been shown to be carcinogenic in animals after oral exposure, resulting in 

an increase in kidney and liver tumors.  The US EPA has classified chloroform as a Group B2, probable 

human carcinogen. 

Because of this air/water partitioning phenomenon, the US EPA decided to regulate chloroform in 

pulp and paper mill effluent at the discharge of the bleach plant8. For existing kraft mills, the daily chloroform 

discharge standard is 6.92 kg/ADt while the monthly standard is 4.14 kg/ADt, all measured on unbleached 

pulp production. Based on Northern Pulp effluent testing, combined with the effluent flows and production 

rates at the times of testing, the chloroform content at Northern Pulp was 0.00071 kg/ADt.  US mills can be 

exempt from chloroform testing if their bleach plant operates under specified conditions and testing 

demonstrates that the results are consistently below the applicable limits.  NPNS results are well below the 

US EPA limits.  

Other volatile and chlorinated organics are also regulated by the US EPA along with chloroform.  

The other regulated compounds, with their respective limits, are shown in Table 1-9, below. 

  

                                                      
8 40 CFR Part 430 
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Table 1-10: Analytical Results, Petroleum Hydrocarbons 

Petroleum Hydrocarbons Units Raw water Point A Point C Caribou 
Harbour 

Petroleum hydrocarbons measured at Point C but not in Caribou Harbour 

>C10-C16 Hydrocarbons mg/l ND 0.26 0.09 ND 

>C16-C21 Hydrocarbons mg/l ND 0.62 0.12 ND 

>C21-<C32 Hydrocarbons mg/l ND 1.5 0.24 ND 

Modified TPH (Tier1) mg/l ND 2.38 0.30 ND 

Petroleum hydrocarbons measured at Point A but not at Point C nor in Caribou Harbour 

C6 - C10 (less BTEX) mg/l ND 0.12 ND ND 

Polyaromatic hydrocarbons not detected 

Benzene mg/l ND ND ND ND 

Toluene mg/l ND ND ND ND 

Ethylbenzene mg/l ND ND ND ND 

Total Xylenes mg/l ND ND ND ND 

Testing for petroleum hydrocarbons in pulp and paper mill effluents can be misleading at times, as 

the presence of wood extractives in the effluent sample can cause a large bias in the results, making it 

appear that there are petroleum hydrocarbons present in the samples when there are not.  Several 

precautions and laboratory procedures must be undertaken to help alleviate the bias and ensure test results 

obtained are a more accurate representation of the levels of petroleum hydrocarbons present in the effluent. 

A survey of bioaccumulation studies carried out by ECCC9 has shown that bio-concentration of 

petroleum hydrocarbons could occur after short exposure times but that the majority of organisms also 

exhibit rapid depuration once the contaminant is removed. None of the studies carried out by ECCC showed 

any significant measured or modelled bioaccumulation of petroleum hydrocarbons in fish and clams.  The 

installation of the spill basin, along with detailed diversion and isolation procedures in case of a spill at the 

mill are mitigation measures to reduce the environmental risk from petroleum hydrocarbon spills. 

                                                      
9 http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=7BF1F2C0-1#toc15 
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Table 1-11: Analytical Results, Dioxins and Furans 

Dioxins and Furans TEF Units Raw 
water Point A Point C Caribou 

Harbour 

2,3,7,8-Tetra CDD12 1.00 pg/l ND ND ND ND 

1,2,3,7,8-Penta CDD 1.00 pg/l ND ND ND ND 

1,2,3,4,7,8-Hexa CDD 0.10 pg/l ND ND ND ND 

1,2,3,6,7,8-Hexa CDD 0.10 pg/l ND 0.1250 ND ND 

1,2,3,7,8,9-Hexa CDD 0.10 pg/l ND ND ND ND 

1,2,3,4,6,7,8-Hepta CDD 0.01 pg/l ND 0.5460 ND ND 

Octa CDD 0.00468 pg/l ND 0.1140 0.0012 ND 

2,3,7,8-Tetra CDF13 0.1 pg/l ND ND ND ND 

1,2,3,7,8-Penta CDF 0.03 pg/l ND ND ND ND 

2,3,4,7,8-Penta CDF 0.3 pg/l ND ND ND ND 

1,2,3,4,7,8-Hexa CDF 0.1 pg/l ND ND ND ND 

1,2,3,6,7,8-Hexa CDF 0.1 pg/l ND ND ND ND 

2,3,4,6,7,8-Hexa CDF 0.1 pg/l ND ND ND ND 

1,2,3,7,8,9-Hexa CDF 0.1 pg/l ND ND ND ND 

1,2,3,4,6,7,8-Hepta CDF 0.01 pg/l ND ND ND ND 

1,2,3,4,7,8,9-Hepta CDF 0.01 pg/l ND ND ND ND 

Octa CDF 0.0003 pg/l ND 0.0010 ND ND 

 

Laboratory testing was carried out for all dioxin congeners.  The presence of any dioxin and furans 

congeners in the samples analyzed would indicate that, despite the non-detect analytical results for most 

congeners, other dioxin congeners could be present in the samples: in such a circumstance, the full 

detection limit is used to quantify the results.  The calculated values are presented in Table 1-12, below. 

  

                                                      
12 Chlorodibenzodioxin 
13 Chlorodibenzofuran 
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Table 1-12: Analytical Results, Dioxins and Furans (with detection limit adjustments) 

Dioxins and Furans TEF Units Raw water Point A Point C14 Caribou 
Harbour16 

2,3,7,8-Tetra CDD15 1.00 pg/l 1.13 1.07 1.1400 1.0197 

1,2,3,7,8-Penta CDD 1.00 pg/l 0.992 1.09 1.1275 0.9997 

1,2,3,4,7,8-Hexa CDD 0.10 pg/l 0.122 0.12 0.1458 0.1119 

1,2,3,6,7,8-Hexa CDD 0.10 pg/l 0.106 0.125 0.1225 0.0994 

1,2,3,7,8,9-Hexa CDD 0.10 pg/l 0.103 0.102 0.1127 0.0973 

1,2,3,4,6,7,8-Hepta CDD 0.01 pg/l 0.01 0.546 0.0137 0.0104 

Octa CDD 0.00468 pg/l 0.0046 0.114 0.0046 0.0006 

2,3,7,8-Tetra CDF16 0.1 pg/l 0.106 0.0986 0.1450 0.1014 

1,2,3,7,8-Penta CDF 0.03 pg/l 0.0322 0.034 0.0364 0.0336 

2,3,4,7,8-Penta CDF 0.3 pg/l 0.324 0.342 0.3653 0.3390 

1,2,3,4,7,8-Hexa CDF 0.1 pg/l 0.0872 0.112 0.1115 0.0955 

1,2,3,6,7,8-Hexa CDF 0.1 pg/l 0.0728 0.0934 0.1058 0.0834 

2,3,4,6,7,8-Hexa CDF 0.1 pg/l 0.0822 0.106 0.1168 0.0953 

1,2,3,7,8,9-Hexa CDF 0.1 pg/l 0.0912 0.117 0.1288 0.1067 

1,2,3,4,6,7,8-Hepta CDF 0.01 pg/l 0.0086 0.012 0.0105 0.0092 

1,2,3,4,7,8,9-Hepta CDF 0.01 pg/l 0.0098 0.0112 0.0125 0.0110 

Octa CDF 0.0003 pg/l 0.0004 0.001 0.0003 0.0004 

TOTAL TOXIC EQUIVALENCY 1.00 pg/l 3.282 

 

4.094 3.675 3.213 

 

The results shown above indicate that the total toxic equivalency (TEQ) at Point C is in line with the 

TEQ of raw water or Caribou Harbour samples.  The results demonstrate the effectiveness of the Pulp and 

Paper Effluent Regulations in achieving the virtual elimination of dioxins and furans in pulp and paper mill 

effluents including NPNS.   

                                                      
14 Point C data is the averaged data from regulatory test data that is required under the Pulp and Paper 
Effluent Regulations 
15 Chlorodibenzodioxin 
16 Chlorodibenzofuran 
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