





AQ175 Passive Sampling for BTEX compounds at Chevron Cape Town Refinery, June 2010 - June 2011

2.2 Calculations

Once the samples have been analysed in the laboratory the results are issued as ng/tube
(see Appendix 1) for each of the target compounds in order to convert this value to an

environmental concentration the following calculation steps are used:

Cppb = M/(Uesr * ts) -(2.2.1)

D = PsM/RTs -(2.2.2)
Cugimz = Cppp * D -(2.2.3)
Where:

Cppb = Concentration of compound in ppb

m = Mass of compound measured by laboratory in ng

ts = Total sample time in minutes

Uer = The tube uptake rate per compound in ng/ppm.min (see Appendix 2 for details on
these)

D = The molecular density of the compound in kg/m®

Ps = Standard pressure 101.325 kPa

Te = Standard temperature 298 K

R = Universal gas constant (8.324 J.K™.mol™")

M = Molecular mass of the compound in g/gmol

Cugims = Concentration of compound in ug/m’
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3 SAMPLE LOCATIONS

The locations of the samples are summarised in Table 3.1 below:

Table 3.1: Sample Locations

Sample Location | Description Longitude Latitude
1 Loading bay S33deg50.718' E18deg31.523'
West fence near containment N
2 dams S33deg50.385' E18deg31.520'
North west fence near Caltex
fuel station S33deg50.186' E18deg31.555'
4 East fence (Richwood Site) S33deg50.548' E18d9932.045'_
South east fence opposite ]
5 Bothasig (Bothasig site) S33deg50.735' E18deg31.879"
6 Tank farm north S33deg49.850' E18deg32.161" |
73 Tank farm north west S33deg49.949' E18deg31.947"
8 Bothasig CCT station S33deg51.387" E18deg32.1 06"
9 Tableview CCT station S33deg49.180 E18deg30.85¢9'
10 Waterfront station S33deg54.829' E18deg25.508' |
11 Chevron CCT station S33deg50.728' E18deg31.516' |
12 Chevron Staff Parking S$33deg50.730' E18deg31 513"

Figures 3.1 and 3.2 below give a view of the samples on the refinery boundary:
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4 SCREENING SURVEY GUIDELINES

A literature review of ambient guidelines for BTEX compounds has resulted in the following
proposed guidelines against which to measure the results of the project, included in Table

4.1 below are the values accepted in various international cases:

Table 4.1: BTEX Ambient Guidelines

Averaging Period Annual
SA National
3 5 i 5 Durban
Standard CARB Current EU Australia Cape Town —
ou
(DEA)'
Benzene (lg/m®) 10 60 5 10 5 5
Toluene (ug/m®) 300 400 240
700 800 700
Xylene (pg.’mS)
Ethylbenzene 2080 Zone
(Hg/m®)

'The South African Department of Environmental Affairs national standard as listed in the Government Gazette
No. 32816, published 24 December 2009,

2 CARB stands for the California Air Resources Board who regulate air quality in California

® This is the current European Union standard for Benzene enforced in 2010

* These are guidelines used in an for ambient air in New South Wales in Australia

® This value was proposed by the City of Cape Town in terms of its Air Quality Management Plan but is as yet
not been accepted as a standard

® Values were used in the Durban South area to assess the effect of the BTEX compounds on the community
the benzene level was based on the EU 2010 target value, the toluene level was based on recommendations of
toxicologist from the Netherlands and the other standards were taken from CARB

These were presented to the project team who accepted the Durban South guidelines for

use in this project.
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AQ175 Passive Sampling for BTEX compounds at Chevron Cape Town Refinery, June 2010 — June 2011

6 CONCLUSIONS

Based on the results above, the following are concluded regarding the annual sampling

campaign performed on behalf of Chevron South Africa (Pty) Limited:

Passive sampling techniques following European (CEN) standards (EN482 and
EN13528) were followed during the sampling campaign.

During the annual sampling period one sample went missing from the Waterfront site
between 8" October and 8" November 2010 and one at each of the Tank Farm North
and Tank Farm North West sites between 7" and 25" March 2011. These missing
samples are attributed to construction work on site when the lamp posts supporting
the sample shelters at the refinery were replaced. This represents a 99% data capture
for the reporting period.

After one year of co-located sampling at the loading bay site it has been determined
that the outer fence-line is more representative for assessment against ambient
standards and it is recommended that a single site at this location (outer fence-line of
parking area near loading bay) replace the existing Loading Bay sampler.

The national ambient air quality annual average standard for benzene (10ug/m®) was
not exceeded at any site during the period under review (June 2010 — June 2011).
This represents a marked decrease over the past few years, particularly at the
Loading Bay site where annual benzene levels decreased from 14.24pg/m® to
7.59ug/m® between the 2009 to 2010 and 2010 to 2011 review periods.

The more stringent annual average standard for benzene of 5ug/m® as accepted by
the NCamtg (Northern Communities air monitoring task group) was exceeded at both
the Loading Bay and West Fence. This standard also represents the future national
ambient air quality annual average standard which comes into effect 1st January
2015. However, since the Loading Bay is no longer the most representative site for
measuring ambient levels of pollutants the original sampler on the inner fence-line
should not therefore be used for ambient assessment (see above).

Accepted standards and guidelines for toluene, ethyl-benzene and xylene levels were
not exceeded for the period under review.

Based on historical data, the prevailing wind directions are from the north-west and
the south and south, south-east. As such it seems likely that the elevated levels at the




AQ175 Passive Sampling for BTEX compounds at Chevron Cape Town Refinery, June 2010 — June 2011
Loading Bay and the West Fence sites were as a result of the impacts of emissions

from the petrol loading facility.
e This annual report supersedes any interim data and reports issued throughout the

year to allow for the consistent statistical treatment of averaging periods.
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APPENDIX 7
Detailed Monthly Resulis:
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AQ175 Passive Sampling for BTEX compounds at Chevron Cape Town Refinery, June 2010 - June 2011

APPENDIX 2

Literature on Tube Uptake Raftes:



Unit D3, Llantrisant Business Park, Pontyclun,
RCT, CF72 8YW, United Kingdom.
Tel: +(44) 1443 230935 Fax: +(44) 1443 231531

http:/iwww.markes.com

Thermal Desorption Technical Support
Note 1: Uptake Rates for Tube Type, Axial Diffusive Samplers

This information has been reproduced from Compound | Sorbent Level | Uptake: | Source
Issue 8 of The Diffusive Monitor with the kind Rate  |/Ref
i 1 H " H rown. ——— e s . snm e
permtss;von of the editor, Dr. RH B _ol n _ FR— —r A '3 .
If you wish to be added to the mailing list for 5 0 & ia |
future issues of The Diffusive Monitor, please orapa :
write to Dr M Wright, HSL Broad Lane, Tenax GR B 1.81 1
Sheffield, S3 7HQ, UK. Fax: (44) 114 289 Chrom. 108 B 172 |1
2768 - =
iFfusi -~ n-heptane Chrom. 108 A 1.95 1
Diffusive .Upta'ke R-ates for Tube — A sy (4
Type, Axial Diffusive Samplers
- s Carbopack B B 1.94 1
NOTE: This list has been compiled from | ———7——— s ==
sources available to CAR/Working Group 5. el g Chiom. 108 1B @ |38
. exaneg
It is not complete, and although every care Tenax TA D 148 |28
has been taken in its preparation, no P (s SR e }23
guarantee can be given of its accuracy. Nor ity il : '
does the list imply a preference for this type Tenax TA D 148 |28
of sam.ple . methylcyclohexa | Chrom.106 D 188 |28
Sampling rates are given for a standard 3.5- ne S, 5 veg e
inch long by ¥-inch O.D. stainless steel tube enax i k
without the membrane, except where noted. toluene Tenax TA B 167 1
Separate lists are given for workplace Tenax GR B 212 |4
(approx 8 hours) and environmental (approx o 6 5 8 ;
4 weeks) exposure periods and exposure rom. [
concentrations typical of these applications. Carbopack B |B 12,06 1
Users of the data are strongly advised to 2-methyl Chrom. 106 D 233 |28
consult the original source material to heptane Tenax TA 0 |15 |28
determine the level of confidence and range - . | s ]
of applicability of the values. n-octane Chrom, 106 A 213 |1
Tenax TA A 2.00 ! 1
Workplace Applications — e R PE I PR
Hydrocattons Chrom 108 B 2.10 I1
Tenax GR B 2.48 1
Compotnd Sorhea Level gg::ke ’S;g;ce ethyl benzene | Tenax TA B 20 1
- S = Tenax GR B 243 |1
1,3-butadiene Mol Sieve 13X* |A 1.3 1
Chrom. 108 B 1.9 [
Carbopack X |B 164 |15
=3 Porapak Q D 2.38 1
n-pentane Chrom. 106 A 1.46 1 - —-
styrene Tenax TA A 20 1
Carbopak B B 1.77 1 |
. Chrom. 106 B 2.18 | 1
n-hexane Chrom. 106 A 1.77 1 i
n-nonane Chrom. 108 A 240 | 1
cyclohexane Chrom. 108 D 1.60 28 Tenax TA A 212 ' il
Tenax TA D 132 |28 T —" B




TDTS01_7 20-11-03 2
Compound Sorbent Level |Uptake | Source Compound !Sor‘bent Level | Uptake 'Sourca;
Rate ! Ref. | Rate ! Ref.
Iso- Chrom. 1068 [C  |226 |1 halothane TenaxTA [B  |259 |1
ropylbenzene |
Papy Tenax TA c 2.28 1 Chrom. 102 B 36 1
Porapak Q D 2.5 1 Chrom, 106 B 4.28 36
n-propyl Chrom. 108 D 2.45 28 enflurane Tenax TA B 2.29 : 1
benzene )
Tenax TA D 2.28 28 Chrom. 1086 D 2.8 28
trimethylbenzen | Chrom. 106 |C 237 |1 Chrom; 106 |8 S24 %6
& Tenax TA c 237 |1 sevoflurane |Chrom. 106 |B 309 136
1,3-dimethyl -4- | Tenax TA D |245 |28 leoflurane TemETA, 1B |2 ()
ethyl benzene (Chrom. 106 [D 251 |28
1,4-diethy! Tenax TA D 256 |28 |cnrom. 106 |B 343 |36
benzene e | R e e LR (RS
" bromogthane |Chrom. 106 |E 245 |1
resilhorene: Sowgite: [0 e |28 [oromobenzene | Chrom 106 |D 359 |28
Tenax TA D 225 |28 | Tenax TA o 53 i
o-ethyl toluene | Chrom. 108 B 257 |28 trichloromethane ' Tenax GR | B 218 |1
Lol P =81 | (chloroform) | Chrom, 102 |8 235 |1
p-ethyl toluene | Chrom. 106 D 2.35 28 |chrom-106 |8 247 |28
L e __L L=
Fohax TR P 2=t 2B tetrachloro Tenax GR B 372 |1
n-decane Tenax TA A 23 1 methane Chrom. 102 | B 257 1
Chinm. 188 I A trichioroethene | Chrom. 106 | B 286 |1
= : | Chrom. 102 |B 2.3 1
Sumene Porapak Q D 25 19 1,11-tfichloro | Chrom, 106 | B 23 1
a-pinene Tenax TA D 2.35 28 ethane | Chrom 102 | B 23 >
Chrom. 106 2.56 30 | Teriax GR B8 592 1
2 tetrachloro ethene | Chrom. 106 | B 3.1 1
naphthalene Tenax TA A 255 30 | Tenax TA B 58 B
o | Chrom. 102 B 25 1
Halogenated Hydrocarbons _ TenaxGR B 29
epichiorohydrin | Chrom. 106 E 2.45
Compound | Sorbent Level | Uptake | Source I : T e
Rate I Ref. aliyl chloldi ! Chrom. 106 E 1.75 _!_2.8. )
- - - ——; - benzyl chioride | Tenax TA D 2.72 28
methyl chloride Spherocarb / | B 1.3 1 . ==t i
Unicarb perfluorodimethyl !Carbotrap“‘ B 15mifthr |1
, " cyclobutane
vinyl chloride Spherocarb/ |B 20 1
Unicarb IR gl e =
T = perflucromethyl Carbotrap** B 15mifhr | 1
1,1-dichloro Spherocarb/ |B 25 1 cyclopentane |
ethene Unicarb
trichloro trifluore. | Chrom. 102 | B 35 1 pe;?;ho;:;nnemyl Carbotrap™ 8 L L
ethane 21 " i
= -~ . — t—— ——
chl?ll;crfrmuorc Chrom. 102 B 1.8 1 p- | Tenax c 323 34
MELhane dichlorobenzene |
dichloromethane |Chrom. 106 |B 1.56 1 L | L o)
Chrom, 102 |B 1,56 1
1.2-dichloro Chrom. 102 B 1.9 1
h.
ethane Chrom. 108 B 2.03 28
Tenax GR B 1.72 26

MARKES International Ltd.
Registered in England — Registration No. 3414783. VAT Registration — 700 8403 76



TDTS01_7 20-11-03
Esters and Glycol Ethers
Compound Sorbent Level |Uptake | Source
Rate I Ref.
Methyl acetate Chrom. 108 |A 174 30
ethyl acetate Chrom. 106 |B 2.0 1
Tenax TA B 18 1
n-butyl acetate Tenax TA B 2.26 1
Chrom. 108 |A 2.6 30
Tenax GR B 1.93 28
isobutyl acetate | Chrom. 106 |D 247 28
Tenax TA D 1.9 28
secbutyl acetate |Chrom. 106 |D  |229 |28
I Tenax TA D 1.80 28
tbutyl acetate  [Chrom. 106 |D 226 |28
| Tenax TA D 1.78 28
viny| acetate Chrom. 106 D 1.93 N Zé B
_methyl Porapa.l.‘“{] _Es . 2.0 . 1
melivonte Chrom. 106 |D |24 |28
Tenax TA D 137 28
methyl acrylate Chrom. 106 |D —__1—..96 28
Tenax TA D 1.50 28
.E.L;tyl acrylaté' B Tenax TA B .".2.6 . 1 '
Chrom. 106 D 21 3z
ethyinexyl ~ |TemaxTA |D  |290 |28
acrylate |
2-methoxy |Porapaka  |A 15 1
Ethangl Chrom. 106 B 2.1 1
;?—_é-t-llst:.i;‘,:-elhanor Tenax A "—T.a 1 T
2-methoxyethyl Porapak Q A 28 1
acetate Chrom. 106 [B  |208 |26
Tenax GR B 1.81 26
Tenax TA B 1.64 26
2-ethoxyethyl Chrom. 108 |B 23 1
acetale Tenax TA B 21 1
Tenax GR B 2.08 26
2-butoxyethanol ”Chrom_ 106 B 21 1
Tenax TA B 197 1
1-methoxy-2-  |Chrom.106 |B  |1.88 |5
Riopemel TenaxTA  |B [156 |5
Tenax GR B 1.55 26
methoxypropyl Chrom. 106 B 2.5 26
aclale Tenax TA  |B 221 |28
Tenax GR B 223 26

Registered in England — Registration No. 3414783.

3
Compound | sorbent Level | Uptake | Source|
| Rate |/ Ref
|
2- |Chrom. 106 |B 1.85 1
e éTenax TA B 182 |1
1-ethoxy-2- ‘Chrom. 106 |B 194 |26 |
Rlogerol TenaxGR  |B  |184 |28
|Tenax TA  |B 165 |26
2-butoxyethyl Chrom, 1086 B 1 é.?é 2-6 =
ek TenaxGR |[B  |218 |26
Tenax TA A 28 1
propoxyethanol Chrom. 108 D 1.84 28_ o
Tenax TA D 1.65 28
Dipropylen;)_ o -Cﬁ.rom. 106 A 2.?“ N 3_0
glycol methyl | |
et  — Ao
Aldehydes and Ketones
C;m;;und iSorbent- - :JEI__U;:;I;e ]Source
| Rate |/ Ref.
2-butanone . i 6ﬁrom. 106 |B |172 }éa .
|TenaxGR  |B 137 |26
Tenax TA B 1.34 26
2-methyl-4- Tenax TA B 1.7 l_ o
pentanone (MIBK) | ranaxar ~ |B |169 |28
Chrom. 106 |B 2,01 1
_c-yr.:,lt-)hexan.o-né-“ ‘Tenam_ - D 2.3- ] 1
|Chrom. 106 |B 196 | 26,32
: Tenax GR B 1.78 26
_ZTﬁ";éthyl | Tenax TA o 2.31 2%
cyclohexanone
3-methyl TenaxTA  |D  |222 |28
cyclohexanone
4-methyl Tenax TA D (214 28
cyclohexanone i [
furfural [TenaxTA  |A |25 |1
hexanal | Tenax TA D | 1.64 28
Chrom. 106 |A | 2.0 30
decanal TenaxTA D |232 |28 )
Alcohols o o
Compound | Sorbent Level |Uptake | Source
: Rate I Ref.
Ethanol |Chrom. 106 1.3 |30
propan-1-ol i(;h:om 106 D- 1.47 | 23__ |
;ropan-Z—ol T:;pherocarb c ) 20 |1 i
(isopropanol) ‘Chrom. 106 |A 1.52 530

MARKES International Ltd.

VAT Registration — 700 8403 786



TDTS01_7 20-11-03
Compound o Sorbent Level |Uptake |Source
Rate | Ref.
n-butanol Chrom. 106 |A 1.74 30
Tenax D 1.33 28
furfuryl alcohol Tenax TA _Bd w"2-,50 ;u_
tetrahydrofurfuryl | Chrom. 108 D 2.38 | ég_
Alechel Tenax TA D 1.0 28
Miscellaneous
Compound Sorbent Level |Uptake |Source
Rate ! Ref.
acrylonitrile i Parapak N A 1.35 1
Chrom. 106 |D 1.48 28
acetonitrile Parapak N A 1.0-2hr |1
Porapak N A 0.8-8hr |1
Chrom. 108 A 1.48 30
propionitrile P;r:apakN A 1_4—2hr- “I =
Porapak N A 1.3-8hr |1
carbon disulpﬁid: Spmarc:rc:;rb.f A . 26 1
Unicarb
nitrous oxide: Mol. Sieve 5A |B 1.25 ‘11‘3__‘ )
(note1)
ethylene oxide Spherocarb/ |B 1.6 1
Unicarb
Propylene oxide |Chrom. 106 |[A 1.24 30
1,4-dioxane Spherocarb/ |G |30 |1
Unicarb
allyl gl;rcidyl ether |Chrom. 106 |D 240 28 _
Tenax TA D 1.83 28
b_m;frglycidyi Chrom. 106 |D 281 28 =
ether Tenax TA D 2.36 28
tetrah;rdrofuran Chrom. 106 |D 1.64 _.23. =
n-methyl TenaxTA |C  |183 |28
RRFERdone Chrom 106 |A  |241 |30
.n-\rinyl pyrl:ollidone Tenax TA A | .2.51 30—
Environmental Applications - 1 week
ar;tl;:lound Sorhe;;; Level |Uptake Source
Rate 1 Ref.
1.3.butadiene | CarbopackX |B  |1.19 5
Benene TenaxTA |B  |145 |1
Carbograph 1 [A 2.14 1
{note 2) . . )
Chrom. 106 |A 1.52 1
Ambersorb B 1.21 1
XAD-4 B

4
_E‘:.o;:lg.t;und Sorb;nt Level | Uptake Source
Rate I Ref
Toluene Carbograph 1 ;\". 216 - -1 T
Chrom. 108 A 208 1
Ambersorb B 1.62 1
KAD-4
Xylene o Carbc;graph 11A 237 1
Chrom. 108 A 2.42 1
Environmental Applications - 2 weeks
_C;;pound Sorbent Level | Uptake T ISO;;C;
Rate I Ref
benzene TEI'IE_I;.TA A 1_03. o 1 1
Chrom. 1068 |A ': 147+0.22 |29
Carbograph 1 |B i2.02i 0221
Carbopack X |B [199:0.18 |35
xylene ) —‘I:ena-x :I'A A ' 1_5 : 1 ]
Chrom 106 |A | 2.0940.29 |
Carbograph 1 |A 207021 |1
ethylbenzene |Chrom. 106 B 2._371 D.Of T1 o
Trimethyl  |CarbopackB |B 230 |1
benzene
toluene Cartﬁ;p;e;ck X |B ‘2_2_31-0_52- | 3_5 o
Tenax TA B 1.22 8]
Carbograph 1 |A 2.13+0.24 I 1
Chrom. 106 |A 1.91:0.18 |1

Environmental Applications - 4 weeks

Sorbent

Level

Compound Uptake
Rate | Ref.
-b—e'nzene Ten;; TA™ B 0.70+£0.09 |1 =
Chrom. 106 B 1.2820.25 |1
Tenax GR B 08 3
Carbograph 1 | B 1.85+0.15 |1
toluene Teﬁax TA A 1.030.26 _1_ Il
Chrom. 106 |B 210£003 29
Chrom. 106 |B 1.93£0.12 | 31
Chrom. 108 |A 182+ 018 |1
Carbograph 1 | A 207+026 |1
Sou I-_égiene | TenaxTA  |A _ 1464067 "_ 1
I Ref. Carbograph 1 |A 1942028 |1
Chrom. 106 |A f1.91=o;35 j1
ethylbenzene | Chrom 108 B (224 I1I N
]Camopack B |B ‘2_30 1

MARKES International Ltd.
Registered in England — Registration No. 3414783. VAT Registration — 700 8403 76



TDTS01_7 20-11-03 5

Compound Sorbent Level | Uptake Source
Rate ! Ref.

trimethy! Tenax TA B 267 1
benzene

Carbopack B |B 2.30 1
decane Tenax TA B 2,93 1
undecance Tenax TA B 3.34 1
Tetrachlorobut | Tenax TA B 3.0 33
adiene
Pentachlorobut | Tenax TA B 3.4 33
adiene
Hexachlorobut | Tenax TA B 35 33
adiene
Notes

Units are ng.ppm .min™"; most values are for 8 hrs; environmental values are for 1, 2 or 4 weeks.
bold means prefered sorbent

itallic not recommended because uptake rate varies with time.

* sampler with membrane in diffusion cap

** A nickel disk, rather than the conventional stainless steel gauze, was used to support the
Carbotrap sorbent material during method validation for these perfluorocarbon tracer gases. The
uptake rates may not be applicable to samples using conventional steel gauzes.

(note 1) rate varies predictably with exposure dose.

(note 2) equivalent to Carbopack B.

Levels

level A = validation equivalent to CEN level 1A

level B = partial validation - see EN 482

level C = calculated - ideal value

level D = calculated from dynamic breakthrough volume
level E = calculated from sorption isotherm

level F = experimental observation

Sources/References

‘MDHS’ refers to the UK health and Safety Executive (HSE) series of Methods for the Determination
of Hazardous Substances. Note also that HSE/HSL Internal Reports can be obtained from the HSE
Information Centre, Broad Lane Sheffield, S3 7HQ, UK. Tel: 44 114 289 2345, Fax: 44 114 289
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organic compounds in indoor air. Environmental Technology, 14, 771-777, (1983).
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6 Lister R.C., The determination of atmospheric levels of toluene, n-heptane, o-xylene and n-
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rate (see ref 4).
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Pfeffer, H.-U., Breuer, L. and Ellermann, K.: Validation of Passive Samplers for Measurements
of Hydrocarbons in Ambient Air (English Translation), Materialien No. 46.Ed.: Landesumweltamt
Nordrhein-Westfalen (North Rhine-Westphalia State Environment Agency), Essen 1998, 92 pp
(ISSN 0947-5206)

Wright, M.D. and Plant, N. Experimental workplace uptake rates for butyl acrylate and
cyclohexanone. The Diffusive Monitor, 13, 5-6 (2001)

Hafkenscheid, T., Langelaan, F., Baldan, A. and Wilkinson, G. Uptake rates for 4-week diffusive
sampling of chiorinated butadienes in indoor air. Proceedings of Measuring Air Pollutants by
Diffusive Sampling, Montpellier, September 2002.
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35 Martin, NA., Mariow, DJ., Henderson, MH. and Goody, BA., Determination of the Benzene
Diffusive Uptake Rate for the sorbent Carbopack X. The Diffusive Monitor, 13, 9-11 (2002)

36 Wright, MD., Plant, NT. and Henderson, KA., Measurement of Occupational Exposure to
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Markes International updates this list whenever additional data becomes available.

We would be delighted to receive details of any uptake rates that have been measured and are being used in the
field - whether for workplace air or environmental applications.

information on the compounds concerned and the level of validation undertaken should be emailed to
enquiries@markes.com
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AQ175 Passive Sampling for BTEX compounds at Chevron Cape Town Refinery, June 2010 — June 2011

APPENDIX 3

Detailed Wind Roses for the period:
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