
International Journal of Applied Environmental Sciences 

ISSN 0973-6077 Volume 12, Number 3 (2017), pp. 433-447 

© Research India Publications 

http://www.ripublication.com 

 

 

Characterisation of inland log yard wastewater and 

evaluation of dilution requirements for safe surface 

disposal 
 

 

Nyangombe, G., Ncube, F., and Kanda, A* 

 
Department of Environmental Science,  

Bindura University of Science Education,  
P. Bag 1020, Bindura, Zimbabwe 

 
* Corresponding author 

 

 

Abstract 

 

River disposal of industrial wastes introduces contaminants in to aquatic 

ecosystems. Physicochemical parameters of wastewater from an inland log 

yard in the eastern highlands of Zimbabwe were characterised using standard 

methods. Ratios of diluting wastewater with river water were evaluated during 

dry and rainy seasons for safe disposal in to a watercourse as a low cost 

management option. Wastewater samples were collected twice each month at 

a discharge point for three consecutive months in dry and rainy seasons. 

Samples were diluted at 0, 25, 50, 75 and 90% with river water in order to 

determine optimum dilution ratios for safe disposal. Log yard wastewater had 

136.85±20.66; 253.36±27.99mg/l BOD5, 457.06±51.13; 641.67±101.80mg/l 

COD, 8.09±1.56; 14.20±2.48mg/l Fe, 331.67±51.10; 4.31±26.72mg/l TSS, 

871.94±132.02; 360.64±17.63 NTU turbidity and 6.31±0.13; 5.40±0.06 pH for 

the rainy and dry seasons respectively. Trace elements (Cr, Cu, Pb) and anions 

(Cl-, NO3
-, SO4

2-, PO4
3-) met local surface discharge limits without dilution. 

However, organic material made wastewater require almost 100% dilution 

before it could be safely disposed of in to a river. Higher dilution ratios were 

generally observed for the dry season than the rainy season possibly due to 

concentration by evaporation and no dilution with precipitation. Wastewater 

parameters for the rainy season had high variability. Dilution coupled with 

pre-treatment such as screening or sedimentation to reduce TSS and turbidity 

may be considered for managing inland log yard wastewater which is usually 
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discharged untreated. Industrial wastewater characteristics greatly vary in 

space and time thus require constant monitoring in order to safeguard aquatic 

biota.   

 

Keywords: dilution ratio; discharge limits; forest plantations; log yard runoff; 

water  pollution; wastewater characteristics. 

 

 

INTRODUCTION 

Urban stormwater runoff, municipal effluent and industrial waste are major sources of 

pollution of the aquatic environment and alter the hydraulic loading rates of water 

courses. Surface waters such as rivers and reservoirs serve as wastewater disposal 

systems and are the final sinks of pollutants [1]. Pollution makes water unsuitable for 

various uses without prior treatment. There are global environmental and public 

health concerns regarding the quality of water in rivers and reservoirs. Stormwater 

runoff from urban and agricultural areas has received considerable research attention 

when compared to aqueous discharges from log yards [2]. Wood handling at a log 

yard (logging, debarking, sawing, milling, chopping and log storage) has potential to 

release pollutants in to surface and groundwater. Runoff and leachate (hereafter 

referred to collectively as wastewater) originate from rainfall or wetting surfaces to 

control dust, protective sprinkling of stored wood piles with water [3-5] and fire 

control. Log yard wastewater is characterised by wood products such as fine dust, 

tannins, phenols, resins and fatty acids [3]. High organic matter in wastewater is 

mostly present as colloids and particulates [2]. The constituents of wood such as 

carbohydrate, lignin and extractives depend on plant species, age, geographical 

location and part of the tree [6]. The pollution potential of surface runoff from a log 

yard may be influenced by the tree species, degree of dilution, volume of water that 

comes in to contact with woodpiles, wood waste and the nature of the receiving 

watercourse [7]. Wastewater from log yards is normally discharged without treatment 

[5]. Zimbabwean regulation requires treatment of effluents before discharge [8]. 

Effluent can be treated using various methods [4] to a highly variable degree [9]. 

Surface discharge of wastewater can be done if conditions exist for initial dilution and 

rapid dispersal in the receiving water body [10]. In developing countries, such as in 

Africa, effective dilution of wastewater may be a challenge because most of the rivers 

and dams are already polluted [11]. However, watershed processes influence the 

quality of water in local rivers. Direct discharge of wastewater in watercourses with 

intermittent flows, especially in dry weather, may cause problems of localization of 

pollutants in dead zones. Unregulated surface discharge of wastewater from wood 

industries introduces suspended solids, acidity, trace elements and high organic 

substances in to receiving watercourses [6]. Organic wastes may increase oxygen 

demand in water and produce ammonia [1]. Low dissolved oxygen (DO) and high 

unionised ammonia concentrations impair aquatic communities [12]. Increased 
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turbidity in aquatic environments influences prey-predator interactions [13] and 

reduces primary productivity [14]. High concentrations of phosphorus promote 

increased biomass and primary productivity which result in shortages of DO by 

decomposing microorganisms [15]. Characterising log yard wastewater may allow for 

the determination of its potential environmental impacts and design of appropriate 

wastewater treatment systems [2].  

Wastewater treatment plants are high capital cost investments [16] which may present 

major pollution challenges when effective operation and maintenance are 

compromised. Jonssons [4] suggested settling ponds, infiltration basins and irrigation 

of vegetation as solutions for handling and purifying runoff water from log yards. 

Irrigation may require management of return flows to watercourses and rising of the 

groundwater table, with potential contamination. Infiltration basins and settling basins 

may have the same problem of potential groundwater contamination and may 

introduce secondary problems of nuisance odours and provide breeding sites vectors 

such as mosquitoes. This has been shown for waste stabilisation ponds which can 

handle high organic wastes when designed and maintained properly. They have the 

potential for production of offensive odours, breeding of insect vectors, adding to 

their main limitation of large land area requirement [17]. Anaerobic treatment 

effectively removes BOD from wastewater leaving mineralised compounds such as 

NH4
+, PO4

3- and S2- in solution with energy production and little excess sludge [18]. 

Cost, operation, maintenance and complex sludge management may be challenges for 

anaerobic treatment of log yard wastewater. Production of greenhouse gases which 

should not be released in to the atmosphere, may present further challenges. In order 

to minimize negative impacts of industrial wastewaters on the surrounding 

environment, their pollutant loading should be reduced as much as possible [5]. 

Dilution with water may present a potential cost-effective option to handle log yard 

wastewater before surface discharge considering variations in stream flows and water 

quality of receiving watercourses. It may remove capital investment in wastewater 

treatment systems and allow for surface discharge to maintain minimum flow and 

freshwater quality requirements for biota. Physicochemical characteristics of distillery 

effluent were diluted with water to meet discharge limits [19]. However, dilution of 

wastewater may require large volumes of river water with possible pumping.    

 

MATERIAL AND METHODS 

Description of the Study Area 

Nyanga Pine Estate (18o 02ˈ 51ˈˈ; 32o 03ˈ 81ˈˈ) is found in the eastern highlands of 

Zimbabwe occupying 18 973ha of land. The study area falls in natural region 1 of the 

five agro-ecological regions of Zimbabwe. Region 1 is characterized with high annual 

rainfall (> 1000mm), relatively low temperature, high altitude (1 100 – 2 600m), steep 

slope, dominant red soils (ferralsols) and low soil pH (4.4 - 5.1) [20]. Zimbabwe’s 

timber production is located in the eastern highlands. At Nyanga Pine Estate P. 
patula, P. taeda and P. elliotti species are grown for timber production. This is a dry 

land log sorting site. Logs are harvested, stored, debarked and processed. Process 
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water is abstracted from Pungwe River which is more than 10km away. About 2 

000m3 of untreated and uncharacterised log yard wastewater is directly discharged on 

land annually. In the rainy season generated surface runoff discharges in to Odzi 

River located about 1000m from the log yard. Steep terrain promotes high loading 

rates of woody debris from bark and sawdust downslope. Therefore, potential 

impairment of nearby Odzi River’s water quality with log yard wastewater presents 

environmental and public health concerns. Efficient management of wastewater 

requires information about the quality of the dilution water, water in the receiving 

watercourse and seasonal variability in wastewater characteristics. The objectives of 

the current study were to (1) characterise wastewater from an inland log yard using 

selected physicochemical parameters, (2) determine its safe surface discharge 

requirements and (3) optimum seasonal dilution ratios to meet applicable regulatory 

surface discharge limits.  

 

Sampling, sample preparation and analysis 

Wastewater pH, temperature, turbidity and electrical conductivity (EC) were 

measured on site using a calibrated multi-parameter (Eutech Instruments, USA). 

Three 4-hourly (8.00a.m 12.00p.m – 4.00p.m) composite samples were collected in 

2L polyethylene bottles and analysed in the laboratory for selected physicochemical 

parameters using standard methods (Table 1) [21]. Five log yard wastewater dilutions 

(0, 25, 50, 75 and 90%) were made to 100ml by adding corresponding volumes (100, 

75, 50, 25 and 10ml) of water from Pungwe River. These were analysed without 

pretreatment for the selected physiochemical parameters in order to meet 

Zimbabwean [8] effluent surface discharge limits (except for trace elements). All 

measurements were replicated three times using analytical-grade reagents. Blank 

determinations were run in between samples and instruments were calibrated before 

use following manufacturers’ instructions. All glassware used was of high quality 

(acid-resistance Pyrex).  

 

Table 1 Analytical methods used for analysis of wastewater samples [21] 

Parameter                                     Analytical method Equipment/instrumentation Reference  

BOD5 Winkler’s method Titration apparatus & incubator 5210B 

Cl- Argentometric   Titration apparatus 4500B  

COD  Open reflux - 

Colorimetric 

Reflux-Titration apparatus 5220B 

Cr, Cu, Fe, Pb, 

Na 

FASS Spectrophotometer  3111B 

EC Conductometric Conductivity Meter 2510B 

NO3
-  

PO4
3- 

Colorimetric :Cd -

reduction 

Colorimetric (Mo- 

Complex) 

Spectrophotometer 

Spectrophotometer 

4500E 

4500C 
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pH Potentiometric  pH Meter  Field Manual 

SO4
2- Gravimetric  Gravimetric apparatus  2540D 

Temperature Thermometry  Field apparatus   Field Manual 

TSS Gravimetric  Filtration & weighing apparatus 2540 D  

Turbidity Nephelometric Field apparatus (turbidimeter) Field Manual 

 

Dilution water was sampled at an abstraction point along Pungwe River during the 

two seasons just as described for wastewater. Water samples for trace element 

analysis were preconcentrated before analysis [22]. An acidified water sample 

(300ml) was put in a beaker and the pH was adjusted to 9 using 0.1MNaOH. The 

sample was passed through a cellulose nitrate membrane filter (0.45µm pore size and 

47mm diameter) under suction. The membrane filter and collected analytes were 

dissolved in conc. HNO3 (0.5ml) at 80oC. The final solution was diluted to 10ml with 

deionised water and analysed for selected elements by FAAS (Table 1). 

 

STATISTICAL ANALYSIS  

Data was analysed using SPSS version 20.0 at 95% confidence level. Seasonal mean 

parameter levels were compared to national [8] discharge limits using one-sampled t 
test. A paired t test was used to determine whether there was any significance in the 

levels of parameters between wet and dry seasons.  

 

RESULTS  

Characteristics of log yard wastewater and discharge safety 

Table 2 Physicochemical parameters of log yard wastewater at different dilution 

levels and discharge safety. Values are expressed as Mean±SE of triplicate 

measurements. Units are mg/l unless specified. 

 

Parameter 

 

Season 

 

Level of wastewater parameter at a given dilution percentage 

Discharge 

limit 

[8] 

0% 25% 50% 75% 90%  

 

BOD5 

Rainy 136.85±20.66 97.69±10.06 36.50±7.83NS - -  

<30 

Dry 253.36±27.99 223.22±21.56 163.540±22.35 127.64±17.87 74.85±12.13* 

 

Cl- 

Rainy 121.78±21.94* - - - -  

<250 

Dry 240.25±11.72NS - - - - 

 

Cr 

Rainy 0.09±0.004* 0.06±0.001NS - - -  

<0.05 

Dry ND - - - - 

 

COD 

Rainy 457.06±51.13 387.48±251.04 331.61±137.35 215.78±86.70 102.38±28.98*  

<60 

Dry 641.67±101.80 578.33±121.75 502.67±111.55 363.33±97.42 250.10±84.37* 

 

Turbidity/NTU 

Rainy 871.94±132.02 740.00±118.45 318.00±93.50 178.72±73..87 87.55±43.45*  

<5 

Dry 360.64±17.63 287.56±23.55 121.79±14.17 46.90±8.15 8.18±1.30NS 

 Rainy ND - - - -  
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All wastewater quality parameters were significantly different between the two seasons (p < 0.05)  

* - Indicates significant differences (p < 0.05) between seasonal mean values and safe discharge limit, 

and NS denotes no significant difference exists (p > 0.05).  

 

Table 2 shows levels of measured parameters for an inland log yard wastewater at 

different dilution ratios during wet and dry seasons against Zimbabwean surface 

discharge limits. All wastewater quality parameters were significantly different 

between the two seasons (p < 0.05). They were higher for the dry season than for the 

rainy season except for Cr, turbidity, pH, temperature, TSS and NO3
-. Some 

wastewater parameters (Cl-, Cu, EC, PO4
3-, temperature, NO3

- and SO4
2-) were within 

discharge limits for both seasons but Pb and pH were within surface discharge limits 

only during the rainy season. These parameters did not need prior dilution with river 

water before disposal. Wastewater Na, Cr (rainy season) and pH (dry season) needed 

25% dilution before surface discharge. However, Pb, Na (dry season) and BOD5 

(rainy season) needed up to 50% dilution. No parameter required 75% dilution in 

order to meet surface discharge limits in both seasons. After 90% dilution with river 

water, Fe (for both seasons), TSS and turbidity (dry season) could be discharged in to 

river water. However, wastewater COD (both seasons), turbidity and TSS (rainy 

season) and BOD5 (dry season) remained significantly higher than surface discharge 

limits requiring almost 100% dilution for safe disposal (p < 0.05). From the current 

study 0.99L was the maximum volume of dilution water generally needed per litre of 

wastewater in order to meet all wastewater safe surface discharge limits. For 

2000m3of wastewater generated annually, 1980m3 of river water is needed which is 

however, discharged to a river.  

Cu Dry 0.08±0.002* - - - - <1 

 

EC(µs/cm) 

Rainy 159.85± 29.22* - - - -  

<1000 

Dry 290.89± 20.70* - - - - 

 

Fe 

Rainy 8.09±1.56 6.40±1.58 4.47±0.87 2.243±0.18 0.94±0.08NS  

<1 

Dry 14.20±2.48 11.28±2.16 7.90±1.25 3.82±0.96 1.25±0.15NS 

 

pH(units) 

Rainy 6.31± 0.13NS - - - -  

6.0 - 7.5 

Dry 5.40±0.07 5.91±0.03NS - - - 

 

PO4-P 

Rainy 0.05±0.02* - - - -  

<0.5 

Dry 0.10±0.01* - - - - 

 

Temperature/0C 

Rainy 26.35±1.43* - - - -  

35 Dry 23.56±0.96* - - - - 

 

TSS 

Rainy 331.67±51.10 281.64±82.49 212.90±74.30 178.06±17.43 147±11.82*  

<25 

Dry 254.31±26.72 197.43±19.42 104.68±17.96 55.24±8.10 33.80±5.42NS 

 

Pb 

Rainy 0.03±0.01NS - - - -  

<0.05 

Dry 0.25±0.05 0.19±0.01 0.06±0.007NS - - 

 

Na 

Rainy 231.37±22.30 159.16±84.94* - - -  

<200 

Dry 352.25±8.99 289.89±12.50 204.46±15.58NS - - 

 

NO3
- 

Rainy 0.11±0.06* - - - -  

<10 

Dry 0.19±0.03* - - - - 

 

SO4
2- 

Rainy 1.15±0.10* - - - -  

<250 

Dry 2.54±0.26* - - - - 
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Table 3 Characteristics of log yard wastewater from different study areas. Values are 

mg/L    unless specified 

pH 

(units) 

EC/ 

µS/cm 

 

TOC 

 

Phenols 

 

PO4
3- 

 

Cu 

 

Pb 

 

BOD5 

 

COD 

 

TSS 

 

NO3
- 

 

Reference 

6.76 148 191 0.13 3.26 - - - - - 0.07 [12] 

3.5 – 5.8 - - - 7.9 (as  P)   82 - 300 400 - 2200   [9] 

3.4 - 5.8 - - - 1.5 - 4.3 - - - 3908 - 14254 - - [3] 

4.6 - 6.3 - - - -   336 378 - 3690 330 - [2] 

5.6 - 7.8 70 - 850 - - - 0.08 0.02 - 30.2 - 1041 20 - 890 - [6] 

6.7 330 112 0.11 0.99 - - - - - ND [4] 

4.85 - 7.00 - - - - - - 25 - 745 125 - 4610 - - [23] 

4.8 – 7.6 - - - - - - <20 - >2900 134 - 5991 69 -401 - [24] 

6.31 159.85 - - 0.05 ND 0.03 136.85 457.06 331.67 0.20  R This Study 
D This study 5.40 290.89 - - 0.10 0.08 0.25 253.36 641.67 254.31 0.13  

 R – Rainy season measurements along the row       D – Dry season measurements along the row 

 Dash (-) – not determined                                         ND – Not detected (< LOD) 

 

Water quality at the point of abstraction along Pungwe River 

Table 4 Comparison of physico-chemical characteristics of water using a paired t test 

for samples collected at an abstraction point along Pungwe River during three months 

of dry and wet weather 2015 - 2016. Values are expressed as mean±SD for monthly 

means replicated three times in mg/l unless specified 
 

River water quality 

parameter 

 

Dry season 

 

Rainy season 

t value 

 (df=17) 

BOD5 13.53±1.96 6.82±1.49 13.253 

Cl- 10.93±2.34 6.48±1.52  5.848 

COD 31.65±5.47 17.90±6.88 8.511 

EC (µS/cm) 43.80±7.76 26.51±8.78 6.433 

Fe 0.95±0.15 1.67±0.43 -6.530 

Na 8.21±0.57 3.83±0.73 26.956 

NO3
- 0.05±0.007 0.13±0.010 -26.658 

pH (units) 6.96±0.35 7.31±0.13 4.287 

PO4
3- 0.16±0.06 0.29±0.05 -7.107 

SO4
2- 1.15±0.10 0.56±0.17 15.013 

Temperature (oC) 23.56±0.96 26.35±1.43 14.144 

TSS 7.89±1.15 188.31±29.84 -25.394 

Turbidity (NTU) 11.61±2.48 110.82±19.59 -21.867 

All parameter measurements were significantly different between dry and rainy seasons (p<0.01). 

Concentrations for trace elements Cr, Cu and Pb were below LOD in water samples for both seasons. 
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Table 4 shows characteristics of water sampled at an abstraction point on Pungwe 

River during three months of dry weather and three months of wet weather. 

Chromium, Cu and Pb were not detected in water samples collected during both 

seasons. River quality parameters were significantly higher for the dry season than the 

rainy season (p < 0.01) except for Fe, NO3
-, pH, PO4

3-, temperature, TSS and 

turbidity. 

 

Correlations among wastewater characteristics at a log yard during dry and 

rainy seasons 

  

Table 5 Pearson Correlations of log yard wastewater quality parameters characterised 

during a dry season (May – July 2016). 

NS - no significant correlation at p<0.05. 

   * - Correlation is significant at the 0.05 level (2-tailed). 

 ** - Correlation is significant at the 0.01 level (2-tailed). 

 

Parameter 

Correlations 

BOD Cl- COD Turbid Cu EC Fe pH PO4
3- Temp TSS Pb Na SO4

2- NO3
- 

BOD 1 
-

0.092 
0.546 

-

0.338 
0.191 

-

0.048 
0.497 

-

0.567 
0.305 

-

0.115 
0.007 0.237 0.621 0.117 

-

0.047 

Cl- NS 1 0.211 
-

0.213 
0.191 0.742 0.330 

-
0.212 

-
0.254 

-
0.170 

-
0.082 

0.398 0.104 0.213 0.073 

COD * NS 1 
-

0.809 
0.726 

-

0.208 
0.892 

-

0.713 
0.340 

-

0.704 
0.320 0.801 0.877 0.630 0.066 

Turbid NS NS ** 1 
-

0.430 
0.148 

-

0.720 
0.802 

-

0.496 
0.735 0.782 

-

0.668 

-

0.824 

-

0.835 

-

0.113 

Cu NS NS ** NS 1 
-

0.042 
0.799 

-

0.456 
0.165 

-

0.503 
0.545 0.751 0.550 0.348 0.167 

EC NS * NS NS NS 1 
-

0.257 
0.193 0.058 0.382 

-

0.111 

-

0.098 
0.850 

-

0.105 
0.312 

Fe * NS ** ** ** NS 1 
-

0.677 
0.357 

-

0.692 
0.364 0.812 0.811 0.609 0.094 

pH * NS ** ** NS NS ** 1 
-

0.248 
0.665 

-
0.150 

-
0.587 

-
0.631 

-
0.770 

0.205 

PO4
3- NS NS NS * NS NS NS NS 1 

-

0.264 

-

0.036 
0.207 0.362 0.567 0.411 

Temp NS NS ** ** * NS ** ** NS 1 
-

0.377 

-

0.720 

-

0.646 

-

0.593 

-

0.051 

TSS NS NS NS ** * NS NS NS NS NS 1 0.169 0.154 0.127 0.162 

Pb NS NS ** ** ** NS ** * NS ** NS 1 0.667 0.467 0.092 

Na * NS ** ** * ** ** ** NS ** NS ** 1 0.650 0.150 

SO4
2- NS NS NS NS NS NS NS NS NS NS NS NS NS 1 0.305 

NO3
- NS NS NS NS NS NS NS NS NS NS NS NS NS NS. 1 
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Table 6 Pearson Correlations of log yard wastewater quality parameters characterised 

during a rainy season (Nov. 2015 – Jan. 2016). 

 

NS – no significant correlation at p<0.05 

* - Correlation is significant at the 0.05 level (2-tailed). 

** - Correlation is significant at the 0.01 level (2-tailed). 

 

Table 5 and Table 6 show correlations of physicochemical characteristics of 

wastewater at an inland log yard in eastern highlands of Zimbabwe during dry and 

rainy seasons. Wastewater characteristics for the dry season which showed significant 

positive strong correlations (r > 0.500; p < 0.05) were observed for pairs:  

BOD5 - COD (r = 0.546; p < 0.05), COD - metals i.e. Cu, Fe, Pb and Na (r ≥ 0.726;  

p < 0.01), turbidity - pH/Temperature/TSS (r ≥ 0.735; p < 0.01), EC - Na (r = 0.850;  

p < 0.01) and pH - temperature (r = 0.665; p < 0.01). There were pairs of wastewater 

parameters that showed significant negative strong correlations during the dry season. 

These were: pH - BOD5/COD/metals (Fe, Pb, Na) (r ≥ -0.587; p>0.05), COD- 

Turbidity/pH/temperature (r ≥ -0.704; p < 0.01), temperature - metals (Fe, Pb, Na)  

(r ≥ -0.646; p < 0.05) and turbidity - Fe/Na (r ≥ -0.720; p < 0.01) (Table 5). 

Wastewater characteristics at the log yard which showed significant strong positive 

correlations during the rainy season were Temperature – BOD5/COD/Cl-/Na  

(r ≥ 0.508; p < 0.05),  COD – BOD5/Na (r ≥ 0.529; p < 0.05), TSS – NO3
- (r = 0.604) 

and BOD – Na (r = 0.770; p < 0.01). Wastewater pH during the rainy season showed 

significant strong correlations which were negative with temperature/Cl-/Pb  

(r ≥ -0.654; p < 0.01). 

 

Parameter 

Correlations 

BOD Cl- COD Turbid EC Fe pH PO4
3- Temp TSS Pb Na SO4

2- NO3
- 

BOD 1 0.353 0.529 -0.411 0.418 0.000 -0.441 0.049 0.574 -0.012 0.189 0.770 0.049 0.203 

Cl- NS 1 0.255 -0.361 0.252 -0.085 -0.765 0.088 0.595 0.027 0.433 0.077 -0.100 0.042 

COD * NS 1 -0.085 0.282 -0.361 -0.320 -0.332 0.837 -0.295 0.458 0.619 0.074 -0.001 

Turbid NS NS NS 1 -0.327 -0.132 0.487 -0.387 -0.322 0.058 -0.164 -0.103 0.253 0.113 

EC NS NS NS NS 1 0.222 -0.196 -0.338 0.419 -0.422 0.276 0.139 -0.349 -0.232 

Fe NS NS NS NS NS 1 0.363 -0.113 -0.346 -0.025 -0.225 -0.169 -0.228 -0.163 

pH NS ** NS * NS NS 1 -0.102 -0.677 0.214 -0.654 -0.176 0.021 0.098 

PO4
3- NS NS NS NS NS NS NS 1 -0.159 0.418 -0.257 -0.151 -0.074 0.197 

Temp * ** ** NS NS NS ** NS 1 -0.336 -0.598 0.508 -0.013 -0.055 

TSS NS NS NS NS NS NS NS NS NS 1 -0.339 0.080 0.176 0.604 

Pb NS NS NS NS NS NS ** NS ** NS 1 0.036 -0.014 -0.056 

Na ** NS ** NS NS NS NS NS * NS NS 1 0.412 0.297 

SO4
2- NS NS NS NS NS NS NS NS NS NS NS NS 1 0.285 

NO3
- NS NS NS NS NS NS NS NS NS ** NS NS NS 1 
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DISCUSSION 

Characteristics of log yard wastewater and discharge safety 

Current results are consistent with earlier studies reported elsewhere (Table 3). 

Results of the current study may depict soil characteristics of the study area. 

Ferralsols are chemically poor and acidic with high concentration of Fe [20]. High 

concentration of Fe in wastewater and low acidity could be attributed to ferralsols 

possibly eroded by surface runoff. Decomposition of pine bark could also release 

organic acids. Other than soil erosion and transport of fine wood particulates, sources 

of turbidity could be decaying organic matter. Another contribution to organic carbon 

sequestration in soil which could be eroded by surface runoff could be intense termite 

activity in ferralsols [20]. Wastewater parameters appeared to respond to occurrence 

of precipitation between seasons. Studies of first flush stormwater runoff have shown 

highly concentrated log yard wastewater [6]. In the current study no data was 

collected for stormwater runoff flash events. Grease and oils from heavy machinery 

and lorries, tear and wear of conveyor chains, wood trimmings and shavings, paints 

from old buildings, gaseous fallout from wood burning could all contribute to 

turbidity, trace elements and suspended matter in log yard wastewater due to mass 

transport especially in wet weather. Slightly acidic pH may help leach trace elements 

from topsoil as stormwater runoff flows downslope. During the rainy season, log yard 

wastewater mixes with stormwater water runoff and eroded soil sediments altering its 

characteristics. Wastewater appears to be concentrated in dry weather and not mixed 

with other wastewaters especially if it is channeled away from source. Low 

concentrations of trace elements (Cr and Cu) observed could be from leaching of 

structures and from contaminated soil. Wood waste may constitute preservatives, 

metals from facilities and decomposition by-products [3]. Wood preservatives (e.g. 

chromated copper arsenates) used to deter fungal and bacterial attack [25] could 

introduce toxic trace elements in to wastewater. Contributions to trace element 

concentrations by geogenic processes cannot completely be ignored and may depend 

upon the geology of an area. Mass transport of wood waste materials by stormwater 

runoff could elevate wastewater TSS especially in the rainy season.  

Excessive phosphorus in water causes eutrophication [26]. Nutrient enrichment allows 

plants and algae to grow quickly and die contributing to organic matter in wastewater 

[15] which is decomposed by microorganisms increasing depletion of DO. Trace 

elements (Pb, Cr, Cu) have adverse health effects in the environment [27]. In dry 

weather sprinkling of water for dust control, fire hazard prevention and protecting 

wood contribute to runoff and/or leachate [2]. Excessive turbidity in water can 

influence community structure and diversity [13, 14], and unit processes of water 

purification [28]. The dry season appears to have elevated higher organic pollutants 

than the rainy season (Table 2). This could also be due to low dilution and organic 

load [16]. According to Kaczala [6] longer dry periods decrease runoff coefficients 

due to higher depression storage in the draining area. However, where channels are 

constructed to lead wastewater to the nearby stream wastewater is highly 

concentrated.  
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Water quality at the point of abstraction along Pungwe River 

Rivers are characterised by low flows in hot dry weather, less turbulence and low 

turbidity. These conditions promote sedimentation and allow time for biodegradation 

of organic material in sediments by microorganisms. Measured parameters may 

suggest that the river water would be favourable for the dilution of wastewater from 

the log yard. During the rainy season river water was turbid with high TSS and 

nutrients (PO4
3-, NO3

-). High variability in river water quality parameters during the 

rainy season could be a direct response to variations in precipitation-runoff events and 

mass action of the river carrying materials from the watershed. According to Meybeck 

[26] river water quality parameters show high variability as water composition is 

dependent upon natural factors in the drainage basin, varies with seasonal differences 

in runoff volumes, weather conditions and water levels. Land uses along the river, 

watershed and instream processes also influence river water quality. Other than 

characterising wastewater for surface discharge it is equally important to characterise 

water and streamflow for the recipient watercourse. This is helps in estimating the 

potential of the river to self-purify itself after disposal of wastewater. The current 

study did not characterise quality of water from Odzi River where log yard 

stormwater runoff gets in to. However, water quality indices from an earlier study of 

the river [29] showed medium to good water quality using selected physicochemical 

parameters: Temperature (16.8 – 28.0oC), pH (6.02 – 8.42), TSS (40 – 94mg/l), EC 

(45 – 105 µS/cm), BOD (2.4 – 3.9mg/l), TP (0.5 – 0.85mg/l) and TN (0.44 – 0.96). 

These data cannot be relied upon as river water quality may change over short periods 

of time due to both point and diffuse pollution sources due to activities and processes 

in the watershed. Constant monitoring of river water quality should be done to ensure 

up-to-date information in order to make decisions. 

 

Correlations among wastewater characteristics at a log yard during dry and 

rainy seasons 

In aqueous solution the Cl- ion can combine with H+ ions to form HCl acid which 

reduces pH, which in turn can reduce microbiological activity. When organic wood 

wastes are not biodegraded quickly, the concentration of TSS may be influenced. 

Microbial activity is affected by climatic (e.g. temperature) and environmental (pH, 

presence of toxic metals such as Pb, DO, organic substrates) factors of a water body. 

In the absence of the dilution effect of precipitation, wastewater may be concentrated 

with wastes. Evaporation and recrystalisation of salts may influence wastewater EC. 

Some metal ions and anions are soluble in solution aided by pH and temperature, thus 

directly influence EC of wastewater. During the rainy season such ions form salts 

while they may re-dissolve in water to form separate ions in aqueous solutions. Under 

suitable conditions metals Pb/Cu/Fe/Na can combine with PO4
3-/NO3

-/Cl-/SO4
2- or 

their salts dissolve in aqueous solutions. The observed strong positive correlation 

between turbidity and TSS was also reported [30] where the linear relationship 

between them was concluded would exist regardless of weather conditions. The 

relationship is representative of various contexts (wet or dry weather days, or for 
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specific sites) therefore neither unique nor consistent. Total suspended solids block 

light penetration and reduce illumination thus increase turbidity, especially in the 

rainy season.  After sedimentation of settleable solids in wastewater the concentration 

of TSS decreases and turbidity is lowered. Turbidity can be used as a surrogate 

measure of suspended solids [31]. The oxidation of trace elements exerts oxygen 

demand, thus a rise in COD, whereas BOD directly denotes oxygen demand for 

organic degradation by microorganisms. This may explain the observed relationship 

between COD and metals. In wastewater studies pairs of parameters: BOD and COD, 

TSS and turbidity, TDS and EC have been shown to be related in a way. One may be 

a surrogate measure of the other. Correlation analysis can be a very useful tool in 

stormwater monitoring programmes evaluation in order to establish direct surrogates 

which can be used to reduce a long list of water quality parameters [6].  

 

CONCLUSIONS 

In this study log yard wastewater was characterised and its safe discharge 

requirements determined. The optimum dilution ratio to meet national discharge 

standards was estimated and the corresponding water requirements determined. Log 

yard wastewater at the study site was characterised by high organic strength, turbidity 

and suspended solids. The optimum dilutions for various parameters to meet safe 

discharge varied from 0 - 99% with 1 980m3 as the annual water requirement to dilute 

2000m3 log yard wastewater (approx. 1:1). The dry season appeared to have 

significantly higher values than those from the rainy season except for a few 

parameters (p<0.05). A better understanding of the pollutant loading of log yard 

wastewater could be done with knowledge of the hydrogeology of the study area, 

wood storage and handling processes. The current study recommends pre-treatment of 

wastewater by screening and primary sedimentation in order to reduce BOD5, 

turbidity and TSS. If dilution is to be used as a wastewater treatment option then 

water quality of the receiving watercourse should be established. The cost of water 

extraction through pumping was not estimated.   
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