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Abstract

Hydrocarbon wastes generated from remediation activities contain Total Pe-
troleum Hydrocarbon (TPH), Polyaromatic Hydrocarbon (PAH) and Heavy
Metals whose respective concentrations are yet to be determined. There is li-
mited available literature particularly in Nigeria, on whether the concentra-
tion of these wastes after treatment exceeds permissible limits. The present
work aims to determine the concentration of petroleum hydrocarbon in the
residual ash from the treated (incinerated) oily wastes from the Bodo-Ogoni
remediation activities. Oily wastes residual ash samples were collected from
six treatment sites, each divided into four replicates in a Completely Rando-
mized Design. A total of twenty-four residual ash samples were collected and
taken to National Oil Spill Detection and Response Agency (NOSDRA) Ref-
erence Laboratory, Port Harcourt for extraction. The concentration of TPH,
PAH and heavy metals in untreated hydrocarbon wastes were also deter-
mined and used for the control experiment. The extracts were analyzed using
AGILENT 7890A-GC and Atomic Absorption Spectrophotometer (AAS) mod-
elled 240FS, manufactured in USA. The results show six residual pollutants;
Cadmium, Lead, Zinc, Manganese, TPH and PAH below the Nigeria Depart-
ment of Petroleum Resources (DPR) Intervention Level but exceeded the DPR
Target Level for TPH and PAH. The descending order of concentration of
PAH obtained from the treatment sites gwere; 1.24 + 2.4 mg/kg (Paschal),
4.76 + 7.48 mg/kg (ITS), 10.46 + 14.68 mg/kg (TMCH) and 16.14 + 6.36
mg/kg (Mosab). Similarly, the concentration of TPH was 320.18 + 355.13
mg/kg (TMCH), 463.25 + 205.29 mg/kg (ICREN) and 501.11 + 300.79 mg/kg
(Networld) against TPH 12,000 mg/kg, PAH 23 mg/kg, Cadmium 0.15 mg/kg,
Lead 0.59 mg/kg, Zinc 3.45 mg/kg and Manganese 2.8 mg/kg (untreated
wastes). Two treatment sites only recorded concentration of heavy metals,
while four reformed inefficiently and couldn’t detect the concentration of
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some residual pollutants in the ash samples and consequently, recorded
below detectable level (BDL). Statistical analysis showed a significant dif-
ference (P < 0.05) between heavy metal content across sites and their target
values. The results showed that the remediation activities had a strong im-
pact on the concentration of TPH and PAH, and a weak impact on the
concentration of heavy metals in the treated oily wastes. The implications
of the results are discussed.

Keywords

Hydrocarbon Wastes, Permissible Limits, Oily Residual Ash, Treatment Sites,
Remediation Activities, Heavy Metals

1. Introduction

Hydrocarbon is the principal component of petroleum wastes formed when crude
oil’s properties change as a result of changes in eternal conditions. The forma-
tion of oily wastes are commonly caused by cooling below the cloud point, eva-
poration of light ends, mixing with in compatible materials, and the introduc-
tion of water to form emulsions (Johnson & Affam, 2019). In the formation of
oily wastes from remediation of hydrocarbon pollutants, involving thermal
treatment, the process include drying, followed by pyrolysis and disintegration
of organic structures into tars, gasses and char with the evolvement of volatile
inorganics such as alkali metals, where reduction in levels of heavy metals is de-
termined later on as higher temperatures are attained (Nzikhou & Stanmore,
2013).

In the exploration and production of petroleum, wastes are generated which
includes drilling fluids, drill cutting, produced water, petroleum effluent treat-
ment plant sludge, crude oil spills emulsions (Johnson & Affam, 2019). Other
hydrocarbon wastes generated in the value-chain of crude oil production are those
arising from the remediation of oil contaminated sites. Hydrocarbon wastes con-
tained several to toxic compound; TPH, PAH Polychlorinated biphenyls (PCBs),
heavy metal; barium, lead, zinc, mercury, arsenic, chromium and nickel (Bojes &
Pope, 2007; API, 1989). Admons et al. (2001) reported that petroleum wastes
from refineries contain high concentration of metals; Zn (1299 mg/kg), Cu (500
mg/kg), Pb (565 mg/kg), Cr (480 mg/kg) and Ni (480 mg/kg).

The improper disposal of petroleum hydrocarbon wastes in the environment
creates a modification in the chemical and physical properties of the surround-
ing soils (Robertson et al., 2007), deficiency in nutrients and stunted growth in
vegetation of receiving soils as the oily wastes are fixed into soil pores (Trofimov
& Rozanova, 2003), reduction in hygroscopic moisture, hydraulic conductivity,
wetting power of soils and decrease in the diversity of soil microorganisms (Su-
leimanov et al., 2005).

Several methods; thermal, mechanical, biological and chemical have been ap-

DOI: 10.4236/gep.2022.105001

2 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.105001

T. N. Gbarakoro, A. D. Bello

plied for processing and disposing petroleum hydrocarbon wastes generated from
remediation programs, with the purpose of reducing its toxic concentrations.
Reduction in concentration of heavy metals in oily wastes has been reported to be
influenced by the treatment facilities, length of exposure to high temperature of
the particles (Zeuthen, 2007), and behavior of heavy metals (Nzikhou & Stan-
more, 2013; Obernberger et al., 2006). Heavy metals caused by applications of
some biomass materials may become concentrated after use into residual wastes
(Nzikhou & Stanmore, 2013), and during combustion Pb, Zn and Cd tend to
vaporize and re-condense on the surface of fine particles or ash when incine-
rated (Obernberger et al., 2006).

Low temperatures in treatment facilities caused increase in the concentration
of Cd, Pb, in the ash, but at temperature above 1250°C a reduction in concentra-
tion occurred (Obernberger et al., 2006). Zeuthen (2007) showed that a combi-
nation of type of furnace, length of exposure to high temperature plays key roles
in the reduction of the concentration of heavy metals in hydrocarbon waste.

Accordingly, Cd, Pb are among the metals that increased in concentration in
the finer aerosol particles formed in a 22 mwt grate incinerator, but thermody-
namic equilibrium is attained in large particle from grate furnaces because of the
length of exposure to high temperature of the particles, and under incineration
conditions Cd and Pb read almost ten minutes to diffuse out of an ash particle of
the size found in incinerators.

In 2008, two major oil spills from shell petroleum development company
(SPDC) pipeline occurred in Bodo Creeks with devastated impacts on over 1000
hectares of mangroves and their biological inhabitants. The oil spills were caused
by leaks in the trans-niger pipeline which transports an estimated 120,000 -
150,000 barrels of crude oil per day (bpd) through ogoniland (UNEP, 2011). The
impacted habitats are cleaned up with remediation activities and hydrocarbon
wastes are generated, consequently.

The generated wastes are taken to treatment facilities for the production of re-
sidual ash to assess the concentrations of petroleum hydrocarbon chemicals and
ascertain if it exceeds permissible limits. However, there is little or no informa-
tion on the chemical composition of such wastes after treatment in the Nigeria
Nation, in spite of the fact that the non-reduction of the concentration of hy-
drocarbon wastes generated from remediation activities disposed on the soil will
have a devastating impact on the functioning of the soil ecosystem and its ser-
vices.

This present study was undertaken with an objective to determine the con-
centration of petroleum hydrocarbon in the residual ash from the treated (inci-
nerated) oily wastes from the Bodo-Ogoni remediation activities. This present
study is important as it indicates the concentration of the TPH, PAH and heavy
metals contained in treated oily wastes. The efficiency of the treatment facilities
in the reduction of the concentration of the hydrocarbon wastes is also exposed

by the study.
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2. Materials and Methods
2.1. Description of Study Site

The study was conducted at collection site located at Bodo (N4°36'29.7"N;
E7°15'30.2"), and characterized by low-lying mangrove vegetation and numerous
tidal creeks lined with soft mud, substrates on the shorelines and abandoned fish
ponds.

The treatment sites were located Mosab and Networld (N4°46'10"; E7°8'39"),
MSTSC and paschal (N4°55'44"; E7°0'16"), ICREN (N4°54'25"; E7°5'33") and
ITS (N4°54'20") (Figure 1). All treatment sites applied both thermal desorption

and incinerator treatment method.

2.2. Research Design

The six treatment sites were each replicated four times in a Completely Rando-

mized Design.

2.3. Sample Collection

The petroleum hydrocarbon solid wastes which comprised contaminated soil,
glasses, plastics, vegetation generated during the clean-up at Bodo Creek were
collected in 50 cm polythene bags. Liquid oily wastes were also collected from
the collection sites in 50 liters jerry cans. Both solid and, liquid oily wastes were
segregated at Bodo Patrick waterside segregation point and thereafter to the var-
ious treatment sites. At the end of treatments, residual ash-waste samples were
collected from stored batches at each of the treatment activities. Untreated sam-

ples were also collected before treatment.
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Figure 1. Locations of waste source and treatment facilities.
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All collected samples were labelled and preserved in ice-cube parked contain-
ers and taken to the reference laboratory of National Oil Spill Detection and Re-
sponse Agency, Port Harcourt, Nigeria for Extraction. Quality control measures
were carried out by using trowel cleaned with ethanol and water to reduce cross-
contamination (NOSDRA, 2006).

2.4. Extraction of TPH and PAH

Ten grams each of aliquot of untreated and treated well-mixed ash samples were
placed in a solvent rinsed beaker and added anhydrous sodium sulphate until
the ash particles were loosened. Twenty millitres of 50 ml dichloromethane sol-
vent was added and shaken in a vortex mixer for 5 minutes. The samples were
then placed in a sonicator for 10 minutes at 70°C. At the end of the duration, the
extract was filtered through a glass funnel containing glass wool and anhydrous
sodium sulphate. Thereafter, the extract was transferred to a Teflonlined screw

cap for analysis.

2.5. Extraction of Heavy Metals

One gram of ash samples and untreated samples were weighed and transferred
into test tubes and 20 ml aqua regial (hydrochloric acid and nitric acid; 3:1) so-
lution was added. The resulting mixtures were digested for about I hour at 100°C
on a hot plate. The resulting digests were allowed to cool and then filtered into a
100 ml flask and made up to mark with deionized water and analysed in an
atomic absorption spectrophotometer (AAS) (AAS Raleigh WF x 320) after ca-
librating the equipment with different standard concentrations.

The concentration of four element Cd, Pb, Zn and Mn were determined in
both untreated and treated hydrocarbon wastes. The selected metals concentra-
tions were calculated in mg/kg being the closet benchmark in EGASPIN mea-

surement.

2.6. Statistical Analysis

The data obtained from the extraction and analysis were subjected to statistical
analysis using analysis of variance (ANOVA). This was done to determine sig-
nificant differences in concentrations of TPH and PAH between the ashes col-

lected from the treatment sites.

3. Results and Discussion
3.1. Results

A total of six (6) residual pollutants comprising four (4) heavy metals; cadmium,
lead, Zinc and manganese and two petroleum hydrocarbons (TPH and PAH)
were obtained in all the samples. All the results are expressed in from of mean +
standard deviation for four replicates per parameter. The total concentration of
TPH and PAH obtained from the six sites indicate that the concentration of the

residual ash was below the department of petroleum resource intervention (DPR,
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2002) level of Nigeria but exceeded the DPR target value for TPH and PAH in
sediments.

Table 1 showed the TPH and PAH of the residual ash generated before (un-
treated) and after treatment of remediation wastes in TDU and incinerators. The
mean result showed that the untreated samples contained concentrations of TPH
and PAH as 12,000 mg/kg and 23 mg/kg, respectively.

In the treated wastes, the concentrations of TPH in ashes collected from two
treatment sites were greatly above 500 mg/kg; Mosab (704.46 + 219.52 mg/kg)
and ITS (668.74 + 309.66 mg/kg), slightly above 500 mg/kg in two treatment sites;
Paschal (598.02 + 399.66 mg/kg) and net world (501.11 + 355.13 mg/kg), and
below 500 mg/kg in two treatment sites; ICREN (463.25 + 205.29 mg/kg) and
TMCH (320.18 + 355.13 mg/kg).

The least concentrations of PAH in ashes collected from treatment sites was
1.24 + 2.4 mg/kg (paschal) followed by 4.75 + 7.48 mg/kg (ITS) (Table 1). The
PAH concentrations of above 10 mg/kg in descending order were recorded in
ashes collected from three treatment sites; Mosab (16.14 + 6.36 mg/kg) net world
(14.11 + 14.24 mg/kg) and TMCH (10.46 + 14.68 mg/kg) (Table 1). In Table 2
the concentration of heavy metals (Cd, Pb, Zn and Mn) in the residual ash from
the treated ash and untreated wastes are presented. The results showed that only
two sites; ITS and Paschal were able to detect the level of Cd. The highest levels
of Pb and Zn obtained were 45.97 + 18.71 mg/kg. (ITS) and 45.25 + 12.75 mg/kg
(paschal) and 84.29 + 17.81 mg/kg (1ICREN), respectively. A high level of 136.7
+ 81.61 mg/kg was recorded from Mn (ITS). The target values; 0.8 mg/kg, 85
mg/kg and 140 mg/kg for Cd, Pb and Zn, respectively. In the untreated wastes,

Table 1. Total petroleum hydrocarbon (TPH) and poly aromatic hydrocarbon (PAH) in the residual ash from oily wastes gener-

ated in the remediation of Bodo.

Untreated
Facility = waste Mosab
(mg/kg)

Target
Paschal Networld ICREN TMCH ITS value

(mg/kg)

TPH 12,000 704.46 +219.52 598.02 + 399.66 501.11 + 300.79 463.25 + 205.29 320.18 + 355.13 668.74 £ 309.66 50

PAH 23 16.14 + 6.36

1.24+24 14.11 + 14.24 BDL 10.46 + 14.68 4.76 £7.48 1.0

Exceedance Value; TPH (5000 mg/kg); PAH (40 mg/kg); BDL (Below Detection Limit).

Table 2. Concentration of Cd, Pb, Zn and Mn in the residual ash from oily wastes generated in the remediation of Bodo.

Untreated

Target value

Facility Waste (mg/kg) Mosab Paschal Networld ICREN TMCH ITS (mg/kg)
Cd 0.15 BDL 1.0 £1.09 BDL BDL BDL 0.2 +£0.22 0.8
Pb 0.59 4.13+0.85 45.25+12.74 2223 +15.03 BDL 1598 £8.56 45.97 +18.71 85
Zn 3.45 45.0+18.46 1.01+1.09 23.25+5.74 84.29+17.81 37.28 +21.84 22.06 +17.22 140
Mn 2.8 1.72 £ 0.22 1.09 £ 0.57 2.05+£0.8 8.39+£243 47.73+20.02 136.7 +81.61 N/A

Exceedance Value; Cd (12 mg/kg); Pb (5

30 mg/kg); Zn (720 mg/kg); Mn (N/A), BDL: Below Detection Limit.
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the levels were 0.15 mg/kg (Cd), 0.59 mg/kg (Pb), 3.45 mg/kg (Zn) and 2.8 mg/kg
(Mn).

3.2. Discussion

Olawuyi and Zibima (2018) stated that the values of TPH and PAH stipulated by
EGASPIN, the regulatory agency in Nigeria for which intervention or remedia-
tion would be conducted is extremely high as it is 5000 mg 1 kg (TPH) and 40
mg 1kg (PAH) our study agrees with this report particularly as the concentration
of TPH recorded at two treatment sites; ICREN (463.25 + 205.29 mg 1 kg); and
TIMCH (320.18 + 355.13 mg 1 kg) is high enough, yet it is below the interven-
tion limit. This is caused by inefficiency of treatment facilities or process. The
marginal or slight significant difference recorded in statistical data give credence
to this study.

The results obtained in our study implies that the treated oily wastes (ash) still
contain higher levels of TPH and PAH in spite of the reduction in concentration
over the untreated oily wastes.

This is because the values obtained though were below those obtained in the
untreated oily wastes, they were all above the target values (50 mg/kg TPH and
1.0 mg 1 kg PAH). The high level of TPH recorded affirm the report of Jebeli et
al. (2019) that TPH is the main pollutant in oily wastes collected from treatment
plants which was higher in concentration than the acceptable clean up levels for
TPH.

Nzikhou & Stanmore (2013) have posited that concentrations of heavy metals
increased in residual wastes due to what Obernberger et al. (2006) described as
type of vaporization and re-condensation. The lower values or concentrations of
heavy metals recorded in the untreated samples in our study which is also below
the target values is in line with the studies of earlier authors. The high level of
heavy metals in the treated ash recorded in our study supports the report that
Pb, and Cd usually vaporize and re-condense on the surface of ash when incine-
rated Obernberger et al. (2006).

The increased in concentration of ash after treatment is caused by the tem-
perature of the treatment facilities which were not more than 100°C and could
not stop the re-condensation. This probably led Zeuthen (2007) to report that,
high temperatures of 1250°C, under incineration conditions made Cd and Pb to
diffuse out of ash within 10 minutes of exposure. Our study indicates the ineffi-
ciency of treatment facility pointed out.

The increase values of heavy metals recorded in our study were all above tar-
get values and this is supported by the statistical data which pointed out signifi-
cant difference (P < 0.05) between heavy metal content across sites and their

target values (Appendixes 1-6).

4. Conclusion

The concentration of TPH, PAH, and heavy metals contained in treated hydro-
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carbon wastes after remediation was determined in this present study. The re-
sults showed that the remediation activities did not reduce the concentration of
heavy metals to permissible limit, indicating that the treatment facilities were not
efficient, though a reduction in TPH and PAH was achieved. With reference to
available literature, the high metal concentration is caused by non-application of
required temperature in the treatment process and the weakness of the treatment
facilities.

The study has added to knowledge that the remediation of Bodo-Ogoni hy-
drocarbon polluted sites is yet to achieve the reduction of metal concentration,

and therefore requires a more appropriate approach.
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Appendix 1

TPH

Analysis of Variance Table

Response: tph
Df Sum Sq Mean Sq F value Pr(>F)
facility 6 1242715 207119 2.5773 0.04969 *
Residuals 21 1687619 80363
Signif. codes: 0 “***0.001 **' 0.01 * 0.05 " 0.1 " 1
> fitl< - aov(tph~facility,data=waste)
> TukeyHSD(fit1)
Tukey multiple comparisons of means
95% family - wise confidence level

Fit: aov(formula = tph ~ facility, data = waste)

$facility

diff Iwr upr p adj
ICREN- CONROL  413.2475 -238.3817 1064.8767 0.4087791
ITS - CONTROL 618.7375 - 32.8917 1270.3667 0.0699168

MOSABCONTROL  654.4550
NETWORLDCONTROL 451.1075
PASCHAL CONTROL 548.0200

2.8258 1306.0842 0.0485582

-200.5217 1102.7367 0.3121279
-103.6092 1199.6492 0.1381828

TMCHCONTROL  270.1800 -381.4492 921.8092 0.8219337
ITS - ICREN 205.4900 -446.1392 857.1192 0.9422368
MOSABICREN 241.2075 -410.4217 892.8367 0.8851490
NETWORLOCREN ~ 37.8600 -613.7692 689.4892  0.9999951
PASCHAL ICREN  134.7725 -516.8567 786.4017 0.9928382
TMCHICREN - 143.0675 -794.6967 508.5617 0.9901938
MOSABITS 35.7175 -615.9117 687.3467 0.9999965
NETWORLOTS - 167.6300 -819.2592 483.9992 0.9780191
PASCHALITS -70.7175 -722.3467 580.9117 0.9998063
TMCHITS -348.5575 -1000.1867 303.0717 0.5995923
NETWORLIMOSAB - 203.3475 - 854.9767 448.2817 0.9449106
PASCHAL MOSAB - 106.4350 -758.0642 545.1942 0.9980153
TMCHMOSAB -384.2750 -1035.9042  267.3542 0.4915728
PASCHAE NETWORLD 96.9125 -554.7167 748.5417 0.9988248
TMCHNETWORLD - 180.9275 - 832.5567 470.7017 0.9680899
TMCHPASCHAL - 277.8400 -929.4692 373.7892 0.8029629
Interpretation

The difference in ash TPH across the facilities is marginally significant (p=0.049). However, f urther
piecewise evaluation reveals that it is only ash TPH from MOSAB facility that recorded significant
difference (p=0.049) from CONTROL (Target value), the values recorded from other facilities are
insignificantly different (p > 0.05) from the CONTROL.
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Appendix 2
PAH

Analysis of Variance Table

Response: pah

Df Sum Sq Mean Sq F value Pr(>F)
facility 6 1075.9 179.311 2.4128 0.06232 .
Residuals 21 1560.6 74.316

Signif. codes: 0 *** 0.001 ** 0.01 " 0.05°"0.1 "1
>

> #Post -hoctests #
> fitl< - aov( pah~facility,data=waste)
> TukeyHSD(fit1)
Tukey multiple comparisons of means
95% family - wise confidence level

Fit: aov(formula = pah ~ facility, data = waste)

$facility

diff lwr  upr padj
ICREN- CONTROL -0.9900 -20.80596 18.82596 0.9999980
ITS - CONTROL 3.7625 - 16.05346 23.57846 0.9954695
MOSABCONTROL  15.1400 -4.67596 34.95596 0.2149434

NETWORLDBCONTROL 13.1125 -6.70346 32.92846 0.3611121
PASCHAL CONTROL 0.2350 - 19.58096 20.05096 1.0000000

TMCHCONTROL 9.4600 - 10.35596 29.27596 0.7120868
ITS - ICREN 4.7525 - 15.06346 24.56846 0.9845409
MOSABICREN 16.1300 - 3.68596 35.94596 0.1620697
NETWORLOCREN 14.1025 -5.71346 33.91846 0.2833456
PASCHAL ICREN  1.2250 -18.59096 21.04096 0.9999929
TMCHICREN 10.4500 - 9.36596 30.26596 0.6146141
MOSABITS 11.3775 - 8.43846 31.19346 0.5218114
NETWORLOTS 9.3500 - 10.46596 29.16596 0.7225275
PASCHALITS -3.5275 -23.34346 16.28846 0.9968102
TMCHITS 5.6975 -14.11846 25.51346 0.9623096

NETWORLIMOSAB  -2.0275 -21.84346 17.78846 0.9998624
PASCHAEL MOSAB  -14.9050 -34.72096 4.91096 0.2292481
TMCHMOSAB -5.6800 -25.49596 14.13596 0.9628543
PASCHAL NETWORLD 12.8775 -32.69346 6.93846 0.38125 29
TMCHNETWORLD -3.6525 -23.46846 16.16346 0.9961427
TMCHPASCHAL 9.2250 - 10.59096 29.04096 0.7342543

Interpretation

The difference in ash PAH across the facilities is insignificant (p > 0.05). This implies that the values
recorded from all the facilities are not statistically different from the CONTROL (Target value).
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Appendix 3

CADMIUM

Analysis of Variance Table

Response: cd

Df Sum Sq Mean Sq F value Pr(>F)
facility 6 4.3435 0.72392 4.1206 0.006886 **
Residuals 21 3.6894 0.17569

Signif. codes: 0 ****0.001 ** 0.01 ** 0.05°"0.1 *’ 1
>

># Post - hoc tests #
> fitl< - aov(cd~facility,data=waste)
> TukeyHSD(fit1)
Tukey multiple compari sons of means
95% family - wise confidence level

Fit: aov(formula = cd ~ facility, data = waste)

$facility

diff Iwr upr p adj
ICREN- CONTROL  -7.900000e -01 -1.75347674 0.17347674 0.1565305
ITS - CONTROL -6.000000e -01 -1.56347674 0.36347674 0.4294457
MOSABCONTROL  -7.900000e -01 -1.75347674 0.17347674 0.1565305
NETWORLBCONTROL- 7.900000e -01 -1.75347674 0.17347674 0.1565305
PASCHAL CONTROL 2.000000e -01 -0.76347674 1.16347674 0.9926981

TMCHCONTRO -7.900000e -01 -1.75347674 0.17347674 0.1565305
ITS - ICREN 1.900000e -01 -0.77347674 1.15347674 0.9944446
MOSABICREN 8.326673e -17 -0.96347674 0.96347674 1.0000000

NETWORLOCREN  -1.110223e -16 -0.96347674 0.96347674 1.0000000

PASCHAL ICREN  9.900000e -01 0.02652326

1.95347674 0.0414775

TMCHICREN 2.775558e -16 -0.96347674 0.96347674 1.0000000
MOSABITS -1.900000e -01 -1.15347674 0.77347674 0.9944446
NETWORLOTS -1.900000e -01 -1.15347674 0.77347674 0.9944446
PASCHAL ITS 8.000000e -01 -0.16347674 1.76347674 0.1472491
TMCHITS -1.900000e -01 -1.15347674 0.77347674 0.9944446
NETWORLIMOSAB -1.942890e -16 -0.96347674 0.96347674 1.0000000
PASCHAL MOSAB  9.900000e  -01 0.02652326 1.95347674 0.0414 Tis
TMCHMOSAB 1.942890e -16 -0.96347674 0.96347674 1.0000000

PASCHAL NETWORLD 9.900000e - 01 0.02652326

1.95347674 0.0414775

TMCHNETWORLD 3.885781e -16 -0.96347674 0.96347674 1.0000000
TMCHPASCHAL -9.900000e -01 -1.95347674 -0.026523 26 0.0414775

Interpretation

The cadmium content of ash across the facilities is significantly different (p=0.0069). However, their

values are not significantly different (p > 0.05) from CONTROL (Target value).
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Appendix 4

LEAD

Analysis of Variance Table

Response: pb

Df Sum Sq Mean Sq F value Pr(>F)
facility 621311.9 3552.0 30.607 2.449¢ - 09 "
Residuals 21 2437.1 116.1

Signif. codes : 0 ***0.001 **0.01 ™ 0.05°01°"1
>

>#Post -hoctests#
> fitl< - aov(pb~facility,data=waste)
> TukeyHSD(fit1)
Tukey multiple comparisons of means
95% family - wise confidence level

Fit: aov(formula = pb ~ facility, data = waste)

$fac ility

diff Iwr upr padj
ICREN- CONTROL  -84.9900 -109.752819 -60.227181 0.0000000
ITS - CONTROL -39.0300 -63.792819 -14.267181 0.0007582
MOSABCONTROL  -80.8750 -105.637819 -56.112181 0.0000000
NETWORLDCONTROL- 62.7750  -87.537819 -38.012181 0.0000010
PASCHAL CONTROL -39.7500 -64.512819 -14.987181 0.0006111

TMCHCONTROL -69.0175 -93.780319 -44.254681 0.0000002
ITS - ICREN 45,9600 21.197181 70.722819 0.0000974
MOSABICREN 4.1150 -20.647819 28.877819 0.9978162
NETWORLOCREN 22.2150 -2.547819 46.977819 0.0978867
PASCHAL ICREN  45.2400 20.477181 70.002819 0.0001201
TMCHICREN ~ 15.9725 -8.790319 40.735319 0.3896362
MOSABITS -41.8450 -66.607819 -17.082181 0.0003271
NETWORLOTS -23.7450 -48.507819 1.017819 0.0657474
PASCHAL ITS -0.7200 -25.482819 24.042819 0.9999999
TMCHITS -29.9875 -54.750319 -5.224681 0.0113193
NETWORLIMOSAB 18.1000 -6.662819 42.862819 0.2566008
PASCHAEL MOSAB 41.1250 16.362181 65.887819 0.0004053
TMCHMOSAB  11.8575 -12.905319 36.620319 0.7093422
PASCHAL NETWORLD 23.0250 - 1.737819 47.787819 0.0794634
TMCHNETWORLD -6.2425 -31.005319 18.520319 0.980125 8
TMCHPASCHAL -29.2675 -54.030319 -4.504681 0.0139732
Interpretation

The Lead (Pb) content of ash across the facilities is significantly different (p < 0.05). Also, the
piecewise evaluation reveals that the Lead contents from the five (5) facilities are significantly
different (p < 0.05) from CONTROL (Target value).
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Appendix 5

ZINC

Analysis of Variance Table

Response: zn

Df Sum Sq Mean Sq F value Pr(>F)
facility 6 53431 8905.2 42.539 1.107e -10 ***
Residuals 21 4396 209.3

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05°." 0.1 *" 1
>

># Post - hoc tests #
>fitl< - aov(zn~facility,data=waste)
> TukeyHSD(fit1)
Tukey multiple comparisons of means
95% family - wise confidence level

Fit: aov(formula = zn ~ facility, data = waste)

$facility

diff Iwr upr p adj
ICREN- CONTROL -55.7125  -88.970977 - 22.454023 0.0003645
ITS - CONTROL -117.9375 -151.195977 - 84.679023 0.0000000
MOSABCONTROL -95.0000 -128.258477 -61.741523 0.0000001

NETWORLDBCONTROL- 116.7500 - 150.008477 - 83.491523 0.0000000
PASCHAL CONTROL -138.9950 -172.253477 - 105.736523 0.0000000

TMCHCONTROL -102.7175 -135.975977 -69.459023 0.0000000
ITS - ICREN -62.2250  -95.483477 - 28.966523 0.0000874
MOSABICREN -39.2875  -72.545977 - 6.029023 0.0140375
NETWORLLOCREN -61.0375  -94.295977 -27.779023 0.0001131
PASCHAL ICREN -83.2825 -116. 540977 -50.024023 0.0000012
TMCHICREN -47.0050 -80.263477 - 13.746523 0.0025461
MOSABITS 22.9375 -10.320977 56.195977 0.3161285
NETWORLDOTS 1.1875 - 32.070977 34.445977 0.9999997
PASCHAL ITS -21.0575  -54.315977 12 200977 0.4106196
TMCHITS 15.2200 -18.038477 48.478477 0.7487248
NETWORLIMOSAB  -21.7500 -55.008477 11.508477 0.3741981
PASCHAE MOSAB -43.9950  -77.253477 -10.736523 0.0049827
TMCHMOSAB -7.7175  -40.975977 25.540977 0.98 69396
PASCHAL NETWORLD -22.2450  -55.503477 11.013477 0.3492868
TMCHNETWORLD  14.0325 -19.225977 47.290977 0.8102533

TMCHPASCHAL 36.2775 3.019023 69.535977 0.0267548

Interpretation

The Zinc (Zn) content of ash across the facilities is significantly different (p < 0.05). Also, the
piecewise evaluation reveals that the Zinc contents from the five (5) facilities are significantly
different (p < 0.05) from CONTROL (Target value).
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Appendix 6

Analysis of Variance Table

Response: mn

Df Sum Sq Mean Sq F value Pr(>F)
facility 5 58122 11624.4 9.8672 0.0001138 ***

Residuals 18 21206 1178.1

> # Post - hoc tests #
> fit1< - aov( mn~facility,data=waste)
> TukeyHSD(fit1)

Tukey multiple comparisons of means
- wise confidence level

95% family

Fit: aov(formula = mn ~ facility, data = waste)

Signif. codes: 0 “** 0.001 ** 0.01 **0.05"°."0.1 " 1
>

$facility

diff Iwr upr p adj
ITS - ICREN 128.3075 51.17598 205.43902 0.0006110
MOSABICREN -6.6725 -83.80402 70.45902 0.9997468
NETWORLOCREN -6.3400 -83.47152 70.79152 0.9998029
PASCHAL ICREN -7.3000 -84.43152 69.83152 0.9996072
TMCHICREN 39.3375 -37.79402 116. 46902 0.5962673
MOSABITS -134.9800 -212.11152 -57.84848 0.0003459
NETWORLOTS -134.6475 -211.77902 -57.51598 0.0003558
PASCHAL ITS -135.6075 -212.73902 -58.47598 0.0003280
TMCHITS -88.9700 -166.10152 -11.83848 0.0185682
NETWORLIMOSAB  0.3325 -76.79902 77.46402 1.0000000
PASCHAL MOSAB -0.6275  -77.75902 76.50402 1.0000000
TMCHMOSAB 46.0100 -31.12152 123.14152 0.4355708
PASCHAL NETWORLD -0.9600 -78.09152 76.17152 1.0000000
TMCHNETWORLD  45.6775 - 31. 45402 122.80902 0.4431744
TMCHPASCHAL 46.6375 -30.49402 123.76902 0.4213860
Interpretation

The Manganese (Mn) content of ash across the facilities is significantly different (p < 0.05). However,
the piecewise evaluation reveals that the Manganese content from ITS facility is significantly

different (p < 0.05) from other facilities.
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