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Background / history of Skukuza as a 
South African DEBITS site

• The follow-up project commenced on 24 May 2007, con tinue until 31 
Dec 2012 - Project title: “Long-term spatial and temporal depo sition of 
biogeochemically important trace species over southe rn Africa 
(DEBITS)”

• Developed to monitor deposition and potential long- term impact of 
important trace species emitted in southern Africa

• Atmospheric deposition can either be a source of to xic substances, or 
a source of nutrients for the ecosystem. 

• Biomass burning, land use changes and industrial ac tivities lead to 
important emissions. 

• Emissions may result in adverse effects on vegetati on/water/soil
systems.





Project objectives at Skukuza

• To determine the regional scale atmospheric budgets  of key pollutant 
species

• To measure the long term atmospheric removal rates through dry and 
wet deposition of biogeochemical important trace sp ecies

• To provide data for an integrated scientific assess ment of atmospheric 
C, S and N cycles at regional scale

• To provide data on deposition that can be related t o impact studies, 
with special focus on N and other key species and t heir impacts on 
ecosystems and hydrology



DEBITS sites and measurements

• Currently 5 sites officially part of DEBITS project
– Vaal Triangle (NWU campus, Vanderbijlpark)
– Amersfoort
– Kruger National Park (Skukuza)
– Louis Trichardt
– Botsalano

• Two additional sites
– Cape Point
– Namibia (Okaukuejo)



DEBITS sites and measurements

Passive gas sampling (month) for SO2, NO2, NH3, HNO3 and O3

• Gas concentrations

pH, Conductivity, Inorganic and Organic major ions
(Cl- ,  NO3

- ,  SO4 
2-, HCO3

- , CO3 
2-, Na+ ,  NH4

+,  K+, Mg 2+ ,  Ca 2+, 
HCOOH, CH3COOH, C2H5COOH)

Wet-only sampling (events), preservation by a biocide or by 
freezing US EPA quality criteria + annual analytical laboratory
performance (WMO)

• Chemical composition of precipitation

Monthly sampling – PM2.5 and PM10 

Inorganic and organic major ions
(Cl-,  NO3

-,  SO4 
2-, HCO3

-, CO3 
2-, Na+,  NH4

+,  K+, Mg 2+, Ca2+, 
HCOOH, CH3COOH, C2H5COOH)

Particulate carbon (TC, OC and BC)

• Chemical composition of aerosols



Quality control / quality assurance

• 2007 – Inter-comparison of passive samplers, organiz ed by National 
University of Singapore
– The intercomparison study consisted of two phases:

• Phase 1: To determine the quality in preparation of samplers.

• Phase 2: To determine the accuracy of the analytical technique.

– Conclusions:
• Passive samplers developed and used by ACRG compared well with active samplers 

operated by NUS.

• These results also proved that the ACRG’s passive samplers compared well with similar 
samplers developed elsewhere and in a few instances were superior.

• The average relative standard deviation between analytical results obtained at NUS and 
NWU were the lowest of all participating laboratories.



Quality control / quality assurance

• Semi-annual WMO / GAW precipitation chemistry labor atory inter-
comparisons
– 2 x per year
– At present, participated in five inter-comparisons (ring diagrams of the last 

two are still pending)
– Results:



Results: Passive sampling – seasonal
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Results: Passive sampling – annual



Results: Passive sampling – annual

NH3 NO2 HNO3 SO2
2000 2.72 0.97 2.84
2001 1.51 0.97 2.78
2002 0.89 0.42 3.11
2003 2.24 1.21 0.97 0.63
2004 3.54 1.43 3.42 4.12
2005 2.33 1.45 1.32 2.83
2006 3.06 1.47 7.23 4.13
2007 3.39 3.05 6.83 6.39
2008 1.19 1.49 7.75 8.58
2009 0.81 1.24 4.51 7.58

Average annual gaseous 
concentrations in ppb

Total estimated maximum 
annual dry deposition values 

of N and S in kg.ha-1.yr-1

NH3 NO2 SO2 HNO3
2000 1.15 0.68 0.63
2001 0.64 0.68 0.61
2002 0.38 0.29 0.69
2003 0.95 0.84 0.14 0.14
2004 1.50 0.99 0.91 0.51
2005 0.99 1.00 0.62 0.20
2006 1.30 1.02 0.91 1.07
2007 1.44 2.11 1.41 1.01
2008 0.51 1.03 1.89 1.15
2009 0.34 0.86 1.67 0.67

*Deposition velocities (cm.s-1) used in 
calculations

NH3 NO2 HNO3 SO2
1.3 0.8 3.7 1.1

*Source: L.Zhang et. al. : "A revised parameterization for gaseous dry 
deposition in air-quality models"; Atmos.Chem.Phys.,3,2067-2082,2003



Results: Rainwater analyses
Comparison of pH distribution profile

Fig 1: Frequency distribution of rainfall pH from July 1999 to June 2002
*Mphepya et.al. : “Precipitation Chemistry and Wet Deposition in Kruger Park , South Africa”; Journal of Atmospheric 

Chemistry (2006) 53: 169 - 183

Fig 1: Frequency distribution of rainfall pH for 2009



Results: Rainwater analyses
Comparison of Ion Concentrations

Skukuza 99-02 Skukuza 2009

VWM Wet Deposition VWM Wet Deposition

Ions meq.l-1 mmol.m-2.yr-1 meq.l-1 mmol.m-2.yr-1

pH 4.72 4.63

H+ 18.9 14.2 23.5 14.4

Na+ 8.9 6.7 12.7 7.7

NH4+ 9.0 6.7 11.6 7.1

K+ 5.9 4.4 2.9 1.8

Ca2+ 5.6 2.1 2.3 0.7

Mg2+ 3.0 1.1 3.0 0.9

NO3- 8.1 6.1 15.0 9.2

Cl- 12.1 9.1 14.8 9.1

SO42- 16.3 6.1 16.1 4.9

HCOO- 3.5 (2.9) 2.6 1.1 (0.9) 0.7

CH3COO- 4.1 (1.8) 3.0 0.2 (0.1) 0.1

Nr of events 146 42

Total rainfall (mm) 2249.45 611.80

Total wet deposition values in 2009 for N and S in kg.ha-1.yr-1 

NH4
+ 0.06

NO3
- 0.02

SO4
2- 0.02



Closing comments

• Meteorological and measured data show that pollutan ts are circulated 
from the Mpumalanga Highveld region over the KNP

• A steady increase of pollutants were observed since  2002

• Uncertainties in deposition velocities used in the calculations for dry 
gaseous deposition may have a large influence on th e values –
reported values most probably represent maximum val ues.

• Total deposition values calculated from wet and gas eous 
measurements
– Total N = 6.64 kg.ha-1.yr-1

– Total S = 7.60 kg.ha-1.yr-1
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