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In a vast majority of cases solid municipal wastes are 
disposed through sanitary landfill operations. 
However, as water percolates through such wastes, it 
dissolves inorganic and organic components thereby 
producing contaminated leachates which may constitute 
a large pollution potential. The actual composition 
of a leachate is governed by several factors such as 
a) original solid waste composition b) climate 
c) hydrological conditions at the landfill site and 
d) the age of the landfill site. Several workers 
have examined leachates and found that they contained 
toxic inorganic (heavy metals) and organic (PCB, 
PAH) materials. Studies by Johansen and Carlson 
(1976) show that organic acids account for 90% of the 
total organics in high strength leachates, while the 
same are also contaminated with heavy metals (Fe, 
Zn, Cu, Ni, Cr, Pb and Cd) in varying concentrations. 
Harmsen (1983) has examined the composition of the 
organics in leachates from a waste dump, while 
Murray et al. (1981) have tried to evaluate the degree 
of ground water contamination through sanitary land- 
fill leachates. Robinson and Maris (1983) have 
studied the chemical composition of the adjacent 
ground or surface waters. Wilson et al. (1982) have 
examined the release of cadmium from pigmented plas- 
tics in landfill sites. 

Such studies show that the organic contaminants 
emanate at high concentrations during active stages 
of decomposition and decrease with time as fill sta- 
bilizes but the inorganic contaminants on the other 
hand continue to leach for decades from a site. 

It is therefore pertinent that the release of chemical 
contaminants from each municipal landfill operation 
be established and documented. Such an information in 
turn can be valuable in the design and long term use 
of a landfill site. A proper design can assure mini- 
mum leaching of contaminants to the environmental 
water bodies of public Use. 

~ Send reprint requests to M C Mehra at the above address 
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The metropolitan area of the City of Moncton com- 
prises a population base of over i00 000 people and is 
situated on the bank of the Petitcodiac River. The 
sanitary landfill practices were introduced in the 
City as far back as 1940. The landfill sites located 
on the river bank are apt to deliver their chemical 
contaminants into the river. This may influence the 
aquatic life and also constitue a potential health 
hazard for the public at large. However, no documen- 
ted information is available that characterizes the 
emanation of chemical contaminants from these land- 
fill operations. 

The present report describes the physico-chemical data 
of the leachates of these landfill sites, their inor- 
ganic contents and in particular the heavy metals. 
The nature of the organic contents shall be reported 
separately. In addition to leachate analysis, water 
and sediment samples from the river have also been 
analyzed for comparison. 

MATERIALS AND METHODS 

The City has three sanitary landfill sites marked as 
A, B and C on Figure i. Site C is still active while 
the other two were closed several years ago. Randomly 
in total 20 sampling stations were selected from the 
three sites. The sampling stations were chosen at 
points where leachate formation was suspected and each 
station was sampled in duplicate. A clean one litre 
plastic bottle with a screw cap was used for sample 
collection. Water samples from the Petitcodiac River 
upstream (station 12) and downstream (station 19) 
served as controls. In addition, sediments in the 
river bed were collected at sations 12, 19 and 20 to 
assess the degree of adsorption of the contaminants. 

The analytical procedures for various parameters were 
those of Environment Canada (1979). The physico- 
chemical parameters such as pH, conductivity, total 
alkalinity, total organic carbon (TOC), total inorga- 
nic carbon (TIC), hardness, chemical oxygen demand 
(COD), nitrite-nitrate, chloride, and sulfate were 
measured soon after sample procurement. Samples were 
filtered appropriately when required. An aliquot of 
each sample was preserved in 0.1M HCI for heavy metals 
analyses. Except for Hg and As, all metals were ana- 
lyzed by flame atomic absorption spectrophotometry. 
The former were analyzed by flameless atomic absorp- 
tion spectroscopy. In each case atomic absorption 
standards supplied by Fisher Scientific Company were 
employed for calibration purposes. 
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Figure i. Metropolitan Moncton and the Landfill sites. 

RESULTS AND DISCUSSION 

Nearly 300 landfill sites have been identified in the 
maritimes provinces (Estey and Lutz 1982, Anonymous 
1983), of these the active ones are potentially dange- 
rous, particularly when such disposal sites are loca- 
ted in proximity of high population density areas. 

The results of water quality parameters determined for 
sites A, B and C in this study are shown in Tables i- 
3. For site A which is closed now, the experimental 
data are similar to those of the control stations (i 
and 6) except for station 4 where certain parameters 
show higher values. However, for site B, also inope- 
rative, the data at all stations for 6 parameters are 
significantly superior to those of the control stations 
(12 and 19). One observes higher values at station 19 
compared to 12. This is to be expected since the 
former is located downstream and should reflect the 
effects of the released contaminants from the lea- 
chates formed within the landfill site zones. None- 
theless it is apparent that some chemical contamina- 
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Table i. Water Quality Parameters - Site A 

Sampling stations 

Parameter i* 2 3 4 5 6 

pH 6.57 6.51 6.50 6.51 6.59 6.69 

Conductivity 994 310 295 1800 425 846 
(uS/cm) 

Acidity 32.0 46.2 12.0 70.3 8.0 48.5 

Alkalinity 50.3 119.5 79.7 297.2 119.5 48.7 

Hardness 138.9 660.4 368.4 1257.6 787.6 212.1 

Nitrites- 11.3 18.5 9.7 30.9 8.4 7.3 
nitrates 

Sulfates 10.38 6.68 24.99 14.82 3.1 12.96 

Chlroides 12.6 13.8 11.2 28.5 17.3 12.2 

T.O.C. 11.8 22.2 12.6 11.2 3.1 13.7 

T.I.C. 19.5 20.5 15.0 71.0 24.5 17.2 

C.O.D. 20.0 17.1 15.5 25.4 i0.0 10.2 

* Control Stations 

Table 2. Water Quality Parameters - Site B 

Sampling stations 

Parameter 7 8 9 i0 ii 12" 19" 

pH 

Conduc- 

tivity 

Acidity 

Alkali- 
nity 

Hardness 

Nitrites- 

nitrates 

Sulfates 

6.69 6.72 6.92 6.85 6.98 7.39 7.52 

2000 38000 29000 31250 25500 701 5927 

76.3 66.3 112.5 i0.0 92.4 39.1 20.0 

817.6 474.4 447.7 379.7 543.8 44.8 89.3 

393.8 6097.5 3925.3 4382.5 4375.6 240.6 1385.3 

23.8 38.1 38.4 39.0 29.8 10.9 13.4 

10.14 1161.40 894.01 1018.22 879.51 29.07 363.88 

Chlorides 83.4 4309.2 3337.2 3747.6 3078.0 15.9 905.3 

T.O.C. 52.6 24.2 12.2 7.1 32.4 13.2 14.4 

T.I.C. 207.4 106.4 80.1 90.2 130.6 6.4 15.5 

C.O.D. 65.1 145.6 840.0 115.2 120.6 28.3 20.0 

*Control stations 
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Table 3. Water Quality Parameters - Site C 

Sampling stations 
Parameter 13 14 15 16 17 18 

pH 7.28 6.98 7.92 7.75 7.29 7.54 

Conduc- 
600 1060 13600 19000 35500 25600 tivity 

Acidity 148.7 68.3 74.3 72.3 48.2 74.3 

Alkali- 
126.6 789.9 1286.9 1162.6 670.4 870.0 

nity 

Hardness 216.0 868.9 1915.6 4763.5 7431.3 5970.0 

Nitrites- 
16.1 36.9 42.3 47.6 39.0 38.3 

nitrates 

Sulfates 116.90 165.30 526.08 422.48 830.94 777.53 

Chlorides 43.2 734.4 1717.2 2430.0 2894.4 3818.0 

T.O.C. 128.3 231.3 88.9 93.0 24.2 48.0 

T.I.C. 50.8 134.8 320.5 251.0 122.6 211.9 

C.O.D. 105.0 175.0 165.0 85.0 185.5 ii0.0 

Control stations 12 and 19 as in Table 2. 

tion is emanating from this abandoned landfill site 
B. The data from the active landfill site C (Table 
3) further show that leachates are contributing che- 
mical contaminants into the Petitcodiac River. In 
this case also the values are significantly higher 
than those of the controls. In addition total orga- 
nic carbon values are greater than those at the other 
two sites. This is in conformity with observations 
of Johanson and Carlson (1976) that quantities of or- 
ganic matter released from active sites are greater 
than those from discontinued landfill sites. 

Increased conductivity of the leachates is indicative 
of the ionic species and inorganic ions in particular. 
In this study conductivity values of 35000 to 38000 
uS/cm have been recorded for sites B and C, whereas 
values for natural waters range between 50 - 1500 uS/ 
cm (Anonymous 1983). Alkalinity represents the capa- 
city of a body of water to neutralize acidic contami- 
nants and is indicative of the presence of COs 2-, 
HC03- and OH- in water. Normal levels of natural 
waters range in the vicinity of 500 mg/L CaCOs, 
whereas the data show that leachates at the landfill 
sites exceed this limit in many cases. The water 
hardness is a measure of water quality and reflects 
the levels of calcium and magnesium ions in a water 
body. A value exceeding 200 mg/L CaC03 is regarded as 
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excessive in terms of water quality. This study 
shows that this value is practically exceeded in all 
the leachate samples examined. 

Sulfates and chlorides occur naturally in the waters. 
The former may arise through natural bacterial oxida- 
tion of sulfur compounds or anthropogenic depositions. 
A concentration up to 500 mg/L is considered accep- 
table. The analytical data show that both chloride 
and sulfate ions occur at levels significantly higher 
than natural levels at sites B and C, though abandoned 
site A appears to make little contribution in this 
respect. 

The data on heavy metal contents of the leachates are 
presented in Table 4. For site A control data have 

Table 4. Average heavy metal contents of the leachate 
sample 

Element 
Site A 

Control Samples 
(i and 6) (2 - 5) 

Sites B and C 
Control Samples Samples Control 

(12) B C (19) 
(7-11) (13-18) 

As (ug/L) 1.0 1.6 0.4 
Hg (ug/L) 0.02 N.D. N.D. 
Cr (mg/L) N.D. 0.18 0.03 
Cd (mg/L) 0.013 N.D. N.D. 
Pb (mg/L) 0.03 0.02 N.D. 
Sb (mg/L) N.D. 0.01 N.D. 
Co (mg/L) 0.01 0.033 N.D. 
Fe (mg/L) 1.42 11.86 1.00 
Cu (mg/L) 0.046 0.054 0.042 
Ni (mg/L) 0.045 0.028 N.D. 
Zn (mg/L) 0.055 0.102 0.055 
A1 (mg/L) 1.02 0.46 i0.i0 

2.36 
0.044 
0 14 
0 001 
0 O3 
0 01 
0 029 
4 83 
0 045 
0 033 
0 056 
2 52 

4.66 
0.012 
0.23 
0.009 
0.046 
0.01 
N.D. 
13.13 
0.12 
0.041 
0.064 
1.23 

4.8 
0 O5 
0 32 
N D. 

N D. 
N 

N 

0 
0 
0 
0 
2 

n. 
D. 
38 
33 
023 
013 
69 

been averaged since no significant difference was no- 
ticed in pre and post control stations. The elements 
As, Hg, Pb and Cd are considered toxic and are 
regarded as priority elements for environmental 
samples analyses (Environment Canada 1979). It 
appears that none of these elements at the moment occur 
in significant concentrations to warrant further 
studies, although some contamination from the landfill 
sites does occur. The levels of Cr, Cu and Fe appear 
higher than the other elements analyzed. Only Cr con- 
tamination needs to be watched since in the hexavalent 
state (Cr-VI) it is considered to be toxic for living 
beings. 

Eventually the released contaminants through leaching 
are dispersed in the river water but some of them may 
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be adsorbed by sediments. It was therefore of in- 
terest to analyze the river bed sediments for the 
same heavy metals to check for any build up. The 
data are presented in Table 5. In addition to collec- 

Table 5. Analysis of metallic ions in sediment 
samples 

Element 

Stations 
12 20 19 

Petitcodiac Coverdale Petitcodiac 
Lake Bridge River 

(mg/Kg)* (mg/Kg)* (mg/Kg)* 

As 1.160 2.462 5.540 
Hg 0.150 0.031 0.045 
Cr 371.5 777.4 441.1 
Cd 4.86 14.20 8.63 
Pb N.D. N.D. N.D. 
Sb N.D. N.D. 23.9 
Co N.D. 103.4 150.8 
Cu 142.2 91.6 58.3 
Fe 16,120 33,135 19,343 
Ni ii. 9 37.4 71.2 
Zn 42.1 39.1 48.4 
A1 7.9 36.7 12.0 

N.D. = not detected * = dry weight 

tion of sediment samples from the control station area 
(# 12 and # 19) one more station (# 20) at midpoint 
(between sites B and C) was selected. In general, 
levels of heavy metals remain higher at both station 
# 19 and # 20 compared to upstream station # 12. 

One may infer from these data that sediments do 
adsorb some heavy metals in all samples. The levels 
of As, Cr, Cd, Sb, Co, Cu are fairly high and once 
again Cr appears to be an element of interest. Iron 
being of natural origin, it is expected to occur at 
significantly higher concentrations in any geological 
formation and sediments in this respect are no excep- 
tion. 

In conclusion it may be said that chemical contami- 
nats are being released from the Mocnton City landfill 
operations but the levels, for the moment, are within 
acceptable range. However, periodic surveillance 
of the active and inactive sites for toxic contami- 
nants is recommended to assure environmental protec- 
tion. 
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