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TOC FLUCTUATIONS IN A WETLAND UNDER RESTORATION, WAINFLEET BOG, ONTARIO, CANADA 
Dale R. Van Stempvoort and Allan S. Crowe (National Water Research Institute, 

Burlington, Ontario, Canada) 

ABSTRACT: Wainfleet Bog is the largest remaining bog in southern Ontario, 
Canada. Through the construction of drainage. ditches. much of the former bog 
has been convened to agricultural lands and peat has been extracted. The 
drainage ditches have caused extensive changes to the hydrology and ecology of 
the bog, including the loss of Sphagnum moss and invasion by birch and aspen. 
Human activities have potent_i_al_ly contaminated the bog. The large pool of 
organic matter in Wainfleet Bog can bind/sorb hydrophobic contaminants, 
Measured as TOC, there are high level_s (up to 200 mg/L) of aquatic organic 
matter (dissolved plus suspended) in the drainage water at Wainfleet Bog. This 
mobile organic matter may play an important role in flushing contaminants from 
the bog. Large seasonal fluctuations i_n TOC are related to climatic and 
hydrological changes. ‘Higher temperatures and drier conditions in summer 
apparently lead to increased production of organic acids in the vadose zone, and 
these are flushed out as TOC during subsequent precipitation-runoff events. 
Restoration of the bog by blocking internal drainage ditches may reduce the rate 
of peat oxidation, which in tum may cause a reduction in the levels of TOC in 
surface drainage. 

INTRODUCTION 
Bogs form where annual precipitation exceeds evapotmnspira_tion,'there is 

no significant inflow of surface or ground water. andvegetation consists of" acid‘- 
tolerant species (Mitsch and Gosselink, 2000). 

' 

Peat is deposited, as the 
accumulation of organic material, largely Sphagnum moss, exceeds 
decornposi_tion underwater logged, acid (pH~4) conditions, Dogs are common in 
the glaciated northern hemisphere. In North America, their distribution extends 
southward from the boreal zone into southern Ontario, Canada and the Great 
Lakes states.

. 

Wainfleet Bog is the largest remaining bog in southern Ontario (Fig. 1). It 
originally covered an area of 21,000 hectares. However. since the early 1800’s, 
much of the bog has been drained for agriculture and peat harvesting; reducing it 

. to 1,460 hectares. Large scale peat extraction occurred between the early 19003 
and the early 1990's. Drainage was accomplished by the construction of ditches, 
around and within the present bog. The ditches have lowered the water table 
substantially, resulting in a drier peat profile, a loss of Sphagnum‘, and an 
extensive colonization by birch (Betula pendula). Uneven birch growth is related 
to depth of the water table and the mining history: the sizes and densities of trees 
decrease in recently mined areas.~
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Fig. 1. Location of Wainfleet Bog, internal and perimeter drains, TOC sampling 
sites (WB series), water table wells (WT series) and hand-dug wells (sites A - F). 

The Niagara Peninsula Conservation Authority is currently undertaking a 
long-term restoration program to improve the degraded habitat and vegetative 
community of Wainfleet Bog (Frohlich, 1997). An important component focuses 
on the hydrology within the bog, and in particular, the need to raise the water table 
approximately 1-2 m to surface. Restoration of the bog may also require 
remediation of contaminated areas. Environmental impact assessments have 
identified potential sources of hydrophobic organic contaminants including buried 
drums. transformers, and above ground and underground fuel storage tanks in the 
vicinity of the peat processing facility (Fig. 1), and petroleum contaminants were 
found in the soil here. Although no samples were collected from within the bog, 
it may be contaminated, given the past mining operations, ongoing unauthorized 
dumping of wastes, former vehicular and rail traffic during mining within the bog, 
andagricultural activities on adjacentlands. 

Peat is known to be a strong sorbent of hydrophobic organic contarninants 
and metals. However, biodegradation of peat releases various organic compounds 
to the pore water, mainly huinic substances. These aqueous humic substances 

Wetland: Ecology and Restoration U 
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bind hydrophobic contarninants, thus having a strong impact on their mobility and bioavailability."'ifi§" 
’

4 

The objectives of this study were three-fold: 
1. To determine the concentrations of organic. carbon in the drainage water’ at Wainfleet Bog. and how these levels vary with time/climate/hydrology. 2.. To assess how hurnic compounds in the drainage water at Wainfleet Bog may affect the mobility and persistence of contaminants derived from various activities and processes (e.g., mining, waste dumping, airborne deposition of pesticides from adjacent agricultural fields). 

3. To assess what impact bog restoration (specifically a higher water table) may have on the rate of the biodegradajtion of peat, the export of organic carbon in the drainage water, and the mobility of contaminants in the Wainfleet Bog and 
, 
the downgradient drainage system. ‘ 

MATERIALS AND METHODS
I 

The period for our study was October, 1999 to June, 2001. Bimonthly, we collected unfiltered water samples from drainage ditches at six sites (Fig. 1), in amber glass vials with caps lined with teflon or aluminum foil. On March 8, 2001, a suite of water samples was obtained at eight drainage ditch sites. and six hand— dug (post-hole auger) wells along a transect close to two water level monitoring sites (see discussion below and Fig. 1). Groundwater in the hand-dug wells was sampled by glass vials, sometimes using a pole sampler extended to the water table. The water samples were immediately stored i_n a cooler with ice packs, then in the dark at 5°C. Settled particles and floating debris were excluded and total organic carbon (TOC) was analyzed by a Shirnadzu TOC-5050 analyzer. TOC includes dissolved and colloidal/suspended organic carbon (typically > 1 pm). Temperature and precipitation were obtained from a meteorological station located at the Seaway Wastewater Treatment Plant in Port Colbome, about 4.5 km southeast of the centre of the Bog. Three water table wells, were installed within the Bog (Fig. 1), one in a recently mined area without trees or bushes (WT-14), one in a formerly mined area with a fairly dense stand of mature birch trees (WT- 15), and one in area of dense growth of very small birch (WT-12). Each well was constructed of 2" PVC casing, a 5’ length of PVC screen across the water table, and covered by a steel well protector. At WT-14 and WT-15, water levels were recorded every 15 minutes using a Slope Indicator automatic water level recorder 
. from Hoskin Scientific. Measurements were checked monthly with manual water I level measur’ements.‘Monthly water levels were meas_ured manually at WT—12v._ 
RESULTS AND DISCUSSION 

The levels of TOC at Wainfleet Bog are shown in Table 1, and spatial and 
( Itemporal fluctuations are shown in Fig. 2A. Most previous studies of organic carbon in peat deposits have reported DOC (dissolved organic carbon) concentrations, where “dissolved" substances are those pass through a nominal '0.45 urn filter (Table 2). Our TOC measurements avoid this arbitrary 0.45 urn cutoff. Notably-, Thurman (1985) and Heiklceinen (1989) «observed that~
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approximately‘ 90 % of the total organic carbon (TOC) in bogs, rivers draining 250 ,4 
3 

, —' peatlands or small stmarns is DOC. It is likely that TOC and DOC levels at A " '
' 

Wainfleet Bog are also similar. 
Mean TOC values for drainage water at Wainfleet Bog were 83.3 to 128 

mg/L (Table I). These levels are well above the carbon levels reported for other 
waters draining peatlands. where mean DOC values typically fall between ~ 5 to 
50 mg/L (Table 2). For other sites, dilution by organic-carbon-poor runoff from 
surrounding uplands may be important. Except for peripheral ditches (see 
following), this is not the case for Wainfleet Bog. There are no streams flowing 
into Wainfleet Bog, and runoff in -ephemeral streams in the adjacent uplands will 
tend to flow away the Bog via the drainage system. 

The high levels of TOC in drainage water at Wainfleet Bog. suggest that 
the rate of the biodegradation of the peat at this site may be exceptionally high

‘ 

compared to undisturbed peatlands. Of note, Bourbonniere (1987) found that ' 

3' 

amended drainage resulted in 30 % greater release of DOC compared to 

So 

‘undisturbed systems. For. Wainfleet Bog, we suggest that rate of biodegradation A 50 
of the peat has been accelerated by the deepening of the unsaturated, aerobic zone, 2 4° . 

as‘ a result of drainage and the growth of terrestrial plants. This has apparently 
tipped the peat carbon balance: the rate of biodegradation by microorganisms '5 3° 

likely exceeds the rate of growth of new peat moss, which is now sparsely :1- 

distributed in Wainfleet Bog. ’§ 2°‘ 

.. O . The average daily temperature and total daily precipitation data for the 
study period are shown in Fig. 2B. In 2000, the total precipitation was 894 mm, 

infiltration (Fig. 2C) and small daily fluctuations, primarily due to evaporation. In 
the area with tree cover (WT-15), the large drainage ditch to the north and 

16 ,

I interception of precipitationby the vegetation apparently maintain a water table . ,'Oc,_99 3gD;,,,_,9 ggmoo 55,, 
approximately 1 m below ground surface. In the spring and summer the trees dam intercept some precipitation a more subdued response to infiltration (Fig. 2). The ~

" 

rapid ri_se in the elevation of the water table at both wells, and most pror_ni_nen_t at 
WT-.15, is probably duecto a large amount of precipitation falling within a very 
short period of time. WT--12 shows similar water table fluctuations to WT-14. 

1.4 « ——-WT-1s(troea) 
- - . -WT-I2 

the average daily Ianuary minimum was -9.5 °C-, and the average daily July 3 0- 
r'r_1ax'i_mur_n was 24.9 “C. - 

Téf 
°r-° 

During the period of study, the water table within both the open and tree ‘g °-2 
. _ -‘ 19‘ covered areas of the.Bog fluctuated essentially the same and by approximately 0.6 § 0,4 . _ 

' ' ‘ ‘ 

in (Fig 2C). The water table washighest in the winter and spring due to 33 0.5-‘. 
infiltration of the winter snow melt, and declined gradually through the summer E and early fall due to evaporation and evapotranspiration (Fig. 2C). ’In the open ‘ 

3: 
°'B ' 

area (WT-l4), the water table varied in depth from 0 to 0.6 in. Because this site 73? 
‘-°' 

has very little vegetation cover, the water table shows rapid changes due to E 1.2- _____m_1 mm) 
20 

Fig. 2 Graphs showing A) (bimonthly 1'00 11 
Bog, 3) total daily precipitation 81.191 We 
fl.u.c.t.I_na_tio_I.:.s- Note that continua-mutter le due to infiltration and evaporation/evapotranspiratioin. 

' H p June 2001; an other data fie go, we may pep The relatively low TOC values in ditches along the western edge of the 
bog (WB-7 and 8) reflect mixing of water from‘ the bog with run-off/seepage from 

'

. 

surrounding agricultural land. The lowest TOC at WB-7 was on December 17. — 
' I 1999, following an intense rairifall. At this time the drainage at WB-7 contained
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Fig. 2 Graphs showing A) bimonthly 'l‘0C fluétuations in the drainage ditches at Walnfleet 
Bog, B) total dallypreclpitatlon and aviemge daily tempera_tu_re; C) continuous water table 
fluctuations. Note that continuous wafer level data are shown for the period March, 2000 - 
June 2001; all other-data are for the study perlod, October 1999 - June: 2001.
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Biniguthly data 
. . 

Drainage ditch samples War we-2 WB-3 W343 W349 
Mean‘TOC(mg/L) 97.1 123 93.4 83.3 37.9 112 

March 8. 2001 survey 
. _ _ 

Drainageditch samples WB-l "W03-2 was W134 W318 vs/13-9 W'1‘3—1o WB-11 
TO.C(rng/L) 104 117 30.3 86.7 35.4 99.5 85.5 54.2 

Groundwater samples A B C D E F 
Water table depth (m) 0.35 1.1 0.05 0.11 0.15 0.0 

’roc(rng/1,), 109 150 86.5 91.9 81;: 33.5 

Table, l._ Total Organic Carbon in water satnples at Walnfleet Igg. See Fig for locations. 

Ta_ble.'2. Dissolved Organic Carbon levels In bogs and waters draining peatlands/bogs as 
, 

’ reported in the literature. 
l.ocationfI‘ype Mean>DOC M_i_n. DOC Max. DOC Seasonality’ ittD'OC' Source (mm. (mm) , -<mg/TL1, 

bog, Massachusetts, USA 36 24 62 highest in suminer (surface McKnight et al.. 
N samples) l985 

waters in best. 32 (1 13)’ not avail. not avail. not av_ai_l_. Gotham et 21., 
nonhcastern N. America 1985 

waters in bogs, lrelandl 26 (1 ll) not avail. not avail. not avail. Gotham et al..
‘ 

. 1985 
Eastern Canada. water: 33.l I6 71.9 highest in summer, lowest in Bourbonniere. 
in bogs. draining peat winter & spring I987 

waters in boy, felts, N, 19.3 .— 0.5 ~ 76 not avail. Moore. i988 
Qu'=be_c.. 

river. Finland 1-3.7 7.8 21.3 usually highestin summer l-leiltltiueu. 

. 

~ 1989 

‘streams. Czech Republic 26.0 - 53.5 15.4 -32.1 37.4 478.8 highest in August. lowest in et al.. 
7 February or May 1996 

pools in pat._UK not _avail_. 5 l5 - 30 highest in summer. lowest in Scott ct al.. 
' 

winter 1998 

abundant suspended clays (visual observation), apparently derived from the 
agricultural fields to the north/west of Wainfleet Bog. The drainage water at site WB-1, along the southern margin of the bog. is apparently less prone to mixing 
with water from the adjacent upland; the TOC values tend to be higher. 

Because the flow in ditches is from the bag to the Welland Canal system, i 

runoff from the agricultural lands has anegligible impact on the drainage "water in 
‘ the bog interior. Thus, the spatial and temporal trends in TOC levels at the three 
interior sites (WB-2, WB-3, WB-9) is apparently controlled by in-bog hydrologic 
and biogeochemical processes. The fluctu,at_ions observed at these sites (Fig. 2A) 
may have been related to one or more of the following: 1) increase in TOC due to 
a temperature-related increase in the rate of peat biodegradation; 2) decrease in TOC due to dilution by snow melt and direct precipitation; 3) increase in TOC 
due to evaporation"/evapotranspiration; and 4) physical aggregation and/or 
dispersion of organic substances, resulting in exchanges between peat and the 
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water column. _. 

Factor 1 (above) has often been invoked to account for summer peaks in 
DOC in drainage from northern hemisphere peatlands (Table 1). Dilution (factor 
2) appears to contributed to the relatively low levels of TOC in the winters at 
Wainfleet Bog (Fig. 2). Deming winter and spring, the upper peat horizon is 
frozen, and episodic snow’-melt influx results in dilution (Bourbonniere, 1987). 
Dilution does not appear to have been important at Wainfleet Bog during the 
summer of 2000, though precipitation was abundant. In fact, the water levels 
declined i_n the summer of 2000, suggesting that evapotranspiration/evaporation 
(factor 3) contributed to the relatively high TOC levels. 

Seasonally anomalous, low TOC levels were sometimes observed 
following a dry period (October 9, 1999) and/or when the water table 
relatively low (August 25, 2000). We suggest that during such droughts (low 
rainfall and/or high temperature), the peat profile is relatively dry, resulting in ' 

slow biodegradation and low DOC/TOC values in the drainage (cf. Scott et al_., 

1998). Alternatively, perhaps some organic carbon is precipitated from the water 
column (factor 4 above) during low flow conditions (Heikkinen, 1989). 

Further insight into the processes controlling TOC at Wainfleet Bog ‘was 
gathered during the spring of ‘2001, when a suite of samples of groundwater and 
surface water were collected on a single day (March 8). The highest TOC levels 
in groundwater were at sites where the water table was relatively deep (Table 1). 
This pattern fits an interpretation that links the generation of TOC to aerobic 
biodegradation of peat in the unsaturated zone. TOC levels in drainage and 

. groundwater were similar (Table 1), supporting our interpretation that the 
drainage in the interior of Wainfleet Bog is essentially an outcrop of groundwater, 

IMPLICATIONS - CONTAMINANT TRANSPORT AND FERSISTENCE 
Analyses of samples collected on March 8, 2001 from drainage along the 

perimeter (sites WB-l, 7, 8, 10, 11) and interior (WB-1) of Wainfleet Bog 
indicated no detectable organochlonne pesticides (detection limits ranged from 5 
to 4l ng/L). This suggests that organoehlorine pesticides are not present at 
significant levels in Wainfleet Bog, orithat they are relatively immobile. 

As a result of the construction of drainage ditches, the elevated TOC has 
potentially enhanced the transport of‘ contaminants in the water draining from 
Wainfleet Bog, such as petroleum hydrocarbons, pesticides and metals. Also, as 
the unsaturated, aerobic zone expanded, the degradation of petroleum 
hydrocarbon contaminants in peat was probably enhanced, 

During restoration of the bog, the drainage will be blocked and the water 
table will be raised. This should lower the volume of the water draining from 
Wainfleet Bog, the production of TOC, and the level of TOC in the drainage. 
This may result in a decrease in the rate that any remaining contaminants are 
depleted from the bog (e.g., petroleum hydrocarbons. metals), by degradation 
and/or ‘transport. In contrast, the bog restoration may enhance the rate of 
biodegradation of some contaminants, such as organochlorine compounds, which 
are generally more readily degraded under reducing conditions.

~ 
~~~
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ABSTRACT: Biological effec 
implementation of a remedial cappi 
project was conducted at the site of a 
The project intended to test the efi‘ecti\ 
as a potential remedial alternative c 
Conservation and Recovery Act (R 
important wetland habitat, with multi 
endangered, using the habitat for nes

' 

the- eflicacy of the contaminant-isolai' 
rrronitorirjrg construction. Pote 
surface water and potential disruption 
avifauna « the 45-acre proc 
Biweekly monitoring of surface wate 
during the three months of cap constn 
delineated before and after cap plac 
concentrations in the surface waterflm 
did not appear to impact water qua 
activity observed were similar to the 
wetlands habitat acreage was lost.

I INTRODUCTION 
A pilot isolation sediment cap 

biologically active wetland area form 
near Casper, Wyoming. The objecti 
the effectiveness of sand cap placem 
sediments. Successful containment is 
pathways to the various biological rl 
continuation of natural sedirnentation . 

placed over process residuals fi'om a 
benzene, toluene, ethylbenzene, 51' 
hydrocarbons (PAHs)_, and metals ( 
These contaminants were found in bot! 
never been measured in the overlying 

Capping has been successful} 
for contaminated sediment sites thro
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