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The Kuwait Environment Public Authority (KEPA) requested the Kuwait Institute for Scientific Research (KISR)
to conduct an extensive study of mercury concentrations in the ambient air of Kuwait to establish a baseline (database)
for mercury levels, in order to align with the latest trends in the world related to the reduction of emissions of mercury
used in various life applications. This report presents the details of the achievements attained during the implementation
of this project, in eleven sections. Five techniques were used for the measurement of mercury and its compounds and
geographical maps were created for the variation of the spatial and temporal concentrations of mercury in the State of
Kuwait. Total gaseous mercury was measured using passive samplers, which were installed and exposed to air for a
month in different waves and seasons at different locations all over the country (i.e., coastal and urban areas, desert,
landfill sites, petroleum downstream, upstream, industries, power stations, cement industry, incinerators, gold
workshops, Ministry of Health [dental clinics], and cemeteries). The overall total gaseous mercury concentrations in the
ambient air measured using the passive sampling techniques were found in the range of 0.8 to 8.7 ng m. Dry mercury
depositions were measured from dust collectors and the highest annual maximum mercury deposition was found at
Shagaya location in the western part of Kuwait, while the lowest annual maximum concentration was found at Al-Bahra
site in the northern part of Kuwait. Total particulate mercury (TPM) was measured using sequential PM1o samplers at
two crucial locations in Kuwait, namely, Ali Sabah Al-Salem residential area (a period of seven consecutive years) and
Al-Ardiya residential area (a period of three consecutive years). The highest annual TPM mean concentration was 106.3
pg m3, observed in 2013 at Ali Sabah Al-Salem, while the highest annual concentration was 31.3 pg m, observed in
2018 at Al-Ardiya. Instantaneous real-time monitoring device Zeeman 915+, for elemental mercury, was used to detect
any hotspot areas for mercury sources in ambient air and sea. Total mercury concentrations in soil at many locations in
Kuwait were measured and then divided into seven major clusters, and the highest average concentration was observed
at the Kuwait Oil Company cluster (booster stations and sludge treatment facilities) followed by western oil fields. The
integrated concentration maps for the entire State of Kuwait were prepared using the Geographic Information System
(GIS) to show the baseline concentrations of mercury. It has been concluded that mercury levels in ambient air all over
Kuwait were below the World Health Organization (WHO) guidelines.
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Section 8 - Measurement of Monthly Total Mercury Deposition Flux Using Dust
Collectors

Dust fallout containing ash from combustion processes may have high levels of
mercury. Dust collectors were installed at various locations in Kuwait (Plate 46 and Table
35) to quantify mercury levels in suspended PM in air. These dust collectors consist of a
trap that is composed of a container with 20 cm diameter and 35 cm length filled with
marbles and fixed at 240 cm above the ground level (AGL). The fallen dust was collected
on a monthly basis so that the sample size would be enough for the accurate measurement
of mercury levels in suspended PM in the air (Plate 47).
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Plate 46. Sampling locations (C1 — C42) for dust collectors placed in various parts of
Kuwait (except Liyah, Bubiyan, and Al-Bahra locations).
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Table 35. Locations for Each Dust Collector Placed in Various Parts of Kuwait

*Dust GPS Coordinates

Cngllector Latitude (N) Longitude (E) Area Area Description

C1l 30.0715096° 47.3613074°  Al-Tahreer Center

C2 30.05534° 47.32869° Al Sukhaibri Center

C3 30.0917393° 47.655737° Um Sudairah Center

C4 30.0912605° 47.7122124° Al Abdali Center

C5 30.0694149° 47.7700665° Al Mazarea’ Center

C6 30.0376106° 47.7857968° Al Azmiya Center

C7 30.02071° 47.51591° Um Niga Center

C8 29.9957776° 47.9594236° Al Buhaith Center

C9 30.0898839° 47.4661286° Al Ritga Center

C10 30.0149398° 47.2162539°  Bahrat Hoshan Center

C11 29.7668371° 47.0631178° Al-Somoud Center

C12 29.5012389° 46.9138662° Al-Abrag Center

C13 29.1813058" 46.6808855°  Al-Shagaya Center

Cl4 29.0991676° 46.5743071° Al-Shaheed Jerman

Center (Tri-border
area)

C15 29.160281° 47.056431° Shagaya

C16 29.161405°  46.979464°  Shagaya

Cc17 29.212119°  46.980339° Shagaya

C18 29.229152° 47.05784° Shagaya

C19 29.112582° 47.045027° Shagaya

C20 29.337883° 47.9059° KISR 14th floor of
KISR’s new
building

c21 29.339033° 47.905533° KISR Coastal - by the
mangrove in KISR

C22 29.33895° 47.906567" KISR Regional Centre
for Development of
Educational
Software

C23 28.542567°  48.38475 Kuwait-Saudi Border  Nuwaiseeb Centre
(south)

C24 28.5403° 48.267717° Kuwait-Saudi Border  Jlaida Centre

C25 28.5345° 48.1464° Kuwait-Saudi Border ~ Raghwa Centre
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Table 35. (Cont’d.)

Dust GPS Coordinates
Collector . . Area Area L
No. Latitude (N) Longitude (E) Description
C26 28.5304° 47.98615 Kuwait-Saudi Rahiya Centre
Border
c27 28.5392° 47.871567° Kuwait-Saudi Fawaris Centre
Border
C28 28.660017 47.614333 Kuwait-Iraq Grenees Centre
Border
C29 28.9025° 47.54185° Kuwait-Saudi Radeefa Centre
Border
C30 29.0234° 47.307883" Kuwait-Saudi Khabrat Shayea
Border Centre
C31 29.04855° 47.0474° Kuwait-Saudi Golmat Ali
Border
centre
C32 29.080183° 46.774917° Kuwait-Saudi Nimriteen Centre
Border (west)
C33 28.790883 48.035083 Sabah Al-Ahmed
city
C34 28.718883 47.945717 Al-Wafra Farms
C35 28.610183 47.998217 Al-Wafra centre Near the
Meteorological
station
C36 28.740017 48.379533 Ras Al-Zor
C37 28.939967 48.19995 Al-Dhebaaea
C38 29.590033 47.90955 Al-Subiah
broadcast station
C39 29.596083 48.141833 Al-Subiah police
station
C40 29.71405 48.101067 New Bubiyan
bridge
C41 29.919083 48.011883 The camp (Al-
Beheeth)
C42 29.955 47.828717 Al-Beheeth - Al-
Abdulli road
Liyah 29.58813 47.613180 Liyah Preserved
Area — Central
Kuwait
Bubiyan 29.64886749580 48.31311518990 North East of
Kuwait
Al-Bahra 29.5822763132  47.9865565358  North of Kuwait

*These locations are all seen in Plate 46 except Liyah, Bubiyan, and Al-Bahra.
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a. Installation. b. Dust collector internals.
Plate 47. Dust collector image and specification.

Kuwait is located in the northeastern corner of Arabian Peninsula and has a dry and
arid climate. The dust storms are more frequent in summer than in other seasons. Dust
storms are categorized based on the dust/sand particle sizes and prevalent meteorological
conditions. The natural and man-made monthly dust fallout at different sites depends on
the dust transported from short or long distances based on driving conditions (wind
speed/wind direction). The dust has a large surface area and has high adsorbing
characteristics bringing pollutants to move over rural/urban, industrial, agricultural, and
mining areas, and some are generated by anthropogenic sources. Long distance transported
dust has mercury contamination in dust fallout, which also constituted of ash emitted from
combustion processes.

The dust collected in a month’s period was brought to KISR’s laboratory in one
liter plastic bottles soaked in distilled water. Extra water was decanted and the remaining
water with dust was transferred to glass beaker, where water was evaporated in the oven at
108°C for about 18 h. Mercury loss could be worked out from the vapour pressure of
mercury at 108°C and was computed using the experimental data of Ambrose and Sprake
(1967), which is plotted in Fig. 69. The evaporation losses were less than 5% due to the
adsorption on the large uneven surface of dust. The dried dust samples were accurately
weighed and preserved in plastic bottles for long-term storage (Al-Dousari and Al-Awadhi,
2012).
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Fig. 69. Vapour pressure of mercury as a function of temperature.

In this study, historical and recent data for total particulate mercury from dust
collector were analyzed. With reference to historical data, KISR’s projects EC063C and
ECO085C (Al-Dousari et al., 2011, 2015) were completed in 2011 and 2015, respectively.
The available historical monthly dust fallout samples of these projects were obtained from
three sites, namely, Liyah, Al-Bahra area, and Bubiyan Island, for 2011 and 2012, and

then were analyzed for mercury deposition flux as in Eqn (1).

total monthly collected dust weight Mercury concentartion (ng) _ (Hg ng)

(tD2/4) unit mass of dust  (g) _ m2.month
1)

Recent data were collected extensively over the entire official borders of Kuwait

and analyzed for the period of 2017 till 2019. All available historical and recently collected

Hg deposition Flux =

monthly dust samples were analyzed for mercury contents and quantified using the cold
vapor technique using the pyrolytic extension of Zeeman RA915+ analyzer. This section
assesses the total particulate mercury levels from dust fallout in the air identifying the
respective sources, also revealing the influence of seasonal variations on mercury levels in
the ambient air in the State of Kuwait.

Dust fallout data for 2011 and 2012 were limited to three sites only, which showed
the highest mercury flux at Liyah, indicative of major oil production activity in southern

Iragi and northern Kuwaiti oil fields. The dust fallout data for 2012 for Liyah was complete
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for twelve months, while data for Al-Bahra, Bubiyan Island, and Liyah for 2011 were not
available for a few months and have been extrapolated for the prediction of annual
deposition flux. A thorough investigation of dust fallout samples from the entire official
borders of the State of Kuwait for 2017 to 2019 had confirmed the presence of the same

predominant mercury sources (Figs. 70 — 73).

Monthly Hg Deposition flux (ng m-2) in Bubiyan for 2011
Ma‘

Fig. 70. Monthly mercury deposition flux for Al-Bahra in 2011.

une
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Monthly Hg Deposition flux (ng m-2) in Bubiyan for 2011

July
June
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Mar

Fig. 71. Monthly mercury deposition flux in Bubiyan for 2011.
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Monthly Hg Deposition flux (ng m2) in Liyah for 2012

Fig. 72. Monthly mercury deposition flux in Liyah for 2012.
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Fig. 73. Monthly mercury deposition flux in Liyah for 2011 and 2012.

Monthly mercury deposition fluxes depended on the prevalent meteorological
conditions that controlled dusty events and also mercury concentrations from oil

production and power generation facilities in the State of Kuwait. Monthly mercury
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deposition fluxes for different locations are listed for a period of eight years in Table 36.
Mercury deposition from the historical data showed narrow range of fluxes at Al-Bahra
and Bubiyan Island locations, while the comprehensive measurement of mercury
deposition fluxes showed elevated values in summer months compared to those in the

winter season.

Table 36. Monthly Mercury Deposition Flux Ranges from Natural Dust Fallout at
Different Locations in the State of Kuwait for 2011 to 2019

Year Location Mercury Deposition Flux ~ Mercury Deposition
Ranges (ng m2 mo™) Fluxes in the
Literature
2011 Bubiyan 77.3-137.1"
Monthly Dry 100-500
2011 Liyah 227.9-3241.8 Monthly Wet >1000
(EC, 2001)
2011 Al-Bahra 20— 90" Seasonal variation was
observed in China,
2012 Liyah 130 — 3030 elevated levels in
winter and spring and
2017 All Locations 10.6 — 5878 low levels
in summer
2018 All Locations 14 — 46087 (Wan et al., 2009, and

Xu et al., 2013)
2019 All Locations 151 — 12667

The dry deposition fluxes represented different mercury species (Hg®, Hg*, Hg™
and Hg [part.]) explained by EC (2001), and this flux mainly occurred at high grounds
nearby emission sources. Very low solubility of Hg® was due to the fact that this was not
considered as dry deposition with the exception of forestry where settling velocities were
low and other mercury species like Hg** and Hg(y) quickly deposited in the neighbourhood
of the emission sources. The present findings of monthly mercury deposition flux ranges
were higher than the reported monthly flux ranges over Europe (EC, 2001).

Annual maximum mercury deposition values in the natural dust fallout are given in
Table 37 and are also shown in Fig. 74. The highest fluxes were at Shagaya for 2018 and
2019, while the rest of the flux values were comparable to the reported model predicted
deposition, both dry and wet, in San Francisco Bay, i.e., 0.1 ug m2y* (100 ng m2 y*) and
2-5ug m?2 y' (2000-5000 ng m? y) (Seigneur et al., 2004; WSPA, 2009; Wan et al.,
2009; Xu et al., 2013). Shagaya was in the downwind direction to the Kra’ Almru oil fields
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(Plate 24), which had reflected the activities resulting in elevated levels of deposition
fluxes.

Table 37. Annual Maximum Deposition Fluxes from Natural Dust Fallout

Mercury Deposition Flux ~ Mercury Deposition

Year Location (ng m2y?t)or (mg km?y Flux in Literature
h (ng m?y)
2011 Bubiyan 1,309 2000-5000 wet
(Seigneur et al., 2004)
2011 Liyah 10,690
* 1700 to 11000 wet
2011 Al-Bahra 570 (Munthe et al., 2007)
2012 Liyah 15,717"
100 wet+dry
2017 Al-Buhaith 16,974 (WSPA, 2009)
2018 Shagaya 140,412 16500 dry
(Wan et al., 2009)
2019 Shagaya 93,071" 38300-58700 dry

(Xu et al., 2013)

* Annual mercury deposition rates were calculated by extrapolation

500000 ¢ Annual Hg Deposition Flux Shagaya 500000

Bubiyan Al-Buhaith

100000 | 100000
Liyah
Liyah
10000 10000
1000 Al-Bahra 1000
100 , , , 100

2011 2011 2011 2012 2017 2018 2019

Hg (ng m?)
e
Hg (mg km-)

Fig. 74. Annual maximum mercury deposition (dry) fluxes from natural dust fallout
in Kuwait.
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Further analysis of monthly samples showed the maximum monthly deposition flux
in June 2011 at Bubiyan Island, about 137.1 ng m2 mo? (Fig. 71 and Table 36), and in
June 2011 at Liyah, about 3241.8 ng m? mo™ (Table 36). In 2017, the highest monthly
mercury deposition flux was 5878 ng m?2 mo?, in December at Al-Buhaith, and the
minimum deposition flux was 10.6 ng m? mo, at Shagaya in November. High emissions
were most likely from flares of either Southern Iragi or Northern Kuwaiti oil fields. In
2018, the maximum monthly deposition flux was 46087 ng m2 mo™ at Shagaya in July and
the minimum flux was 14 ng m? mo™ at the police station at Al-Subiyah in June (Table
38). In 2019, the highest mercury deposition flux was 12667 ng m2 mo? in March at
Shagaya reflecting oil production activity at Kra’Almru fields, while the minimum flux
was 151 ng m? mo at Shagaya in January.’ The second highest mercury deposition flux in

April 2019 was 11277 ng m mo™ at Shagaya due to the abovementioned reason.

Table 38. Monthly Maximum Mercury Deposition Rate from Natural Dust Fallout

for 2018

Months in Location Monthly Mercury Deposition Rate
2018 (ng m? Mo™) or (mg km? mo™)
January Shagaya (C19) 2,332

February Kuwait-Saudi Border (C29) 5,170

March Kuwait-Saudi Border (C29) 7,013

April Shagaya (C16) 12,404

May Shagaya (C17) 23,932

June Shagaya (C17) 20,206

July Shagaya (C17) 46,087

August Shagaya (C18) 6,065

September KISR Al-Shuwaikh (C21) 1,215

October Al-Wafra (C35) 6,443

November KISR Al-Shuwaikh (C21) 2,908

December Al-Subiyah BC™ Station (C38) 3,181

" BC - Broadcast

All monthly and annual mercury deposition rates from 2017 to 2019 are presented
in Plates 48 — 75 and Tables 39 — 66.
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Plate 48. Annual Hg deposition flux at different locations in Kuwait in 2017.
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Table 39. Annual Hg Deposition Flux at Different Locations in Kuwait in 2017

(D:glslfactor Latitude-N Longitude-E Hg per Year (ng/m?)
C1 30.0715096 47.3613074 11204
C2 30.05534 47.32869 5655
C3 30.0917393 47.655737 4657
C4 30.0912605 47.7122124 3465
C5 30.0694149 47.7700665 6481
C6 30.0376106 47.7857968 5077
C7 30.02071 47.51591 7760
C8 29.9957776 47.9594236 16974
C9 30.0898839 47.4661286 5569
C10 30.0149398 47.2162539 5327
Cl1 29.7668371 47.0631178 5241
Ci12 29.5012389 46.9138662 3993
C13 29.1813058 46.6808855 7585
Cl4 29.0991676 46.5743071 12159
C15 29.160281 47.056431 6072
C16 29.161405 46.979464 16685
C17 29.212119 46.980339 2210
C18 29.229152 47.05784 5071
C19 29.112582 47.045027 14611
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Plate 49. Monthly Hg deposition flux at different locations in Kuwait in May 2017.
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Table 40. Monthly Hg Deposition Flux at Different Locations in Kuwait in May 2017

gglslfector Latitude-N Longitude-E Hg per Month (ng/m?)
Cl 30.0715096 47.3613074 800
C2 30.05534 47.32869 1954
C3 30.0917393 47.655737 1176
C4 30.0912605 47.7122124 913
C5 30.0694149 47.7700665 2396
C6 30.0376106 47.7857968 891
C7 30.02071 4751591 1670
C8 29.9957776 47.9594236 2164
C9 30.0898839 47.4661286 1648
C10 30.0149398 47.2162539 1350
Cil1 29.7668371 47.0631178 1676
Ci12 29.5012389 46.9138662 1529
C13 29.1813058 46.6808855 1979
Cl4 29.0991676 46.5743071 4171
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Plate 50. Monthly Hg deposition flux at different locations in Kuwait in June 2017.
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Table 41. Monthly Hg Deposition Flux at Different Locations in Kuwait in June 2017

Dust

Collector Latitude-N Longitude-E Hg per Month (ng/m?)
C1 30.0715096 47.3613074 3653
C2 30.05534 47.32869 405
C3 30.0917393 47.655737 60
C4 30.0912605 47.7122124 143
C5 30.0694149 47.7700665 124
C6 30.0376106 47.7857968 242
C7 30.02071 47.51591 384
C8 29.9957776 47.9594236 841
C9 30.0898839 47.4661286 441
C10 30.0149398 47.2162539 484
Cl1 29.7668371 47.0631178 345
Ci12 29.5012389 46.9138662 126
C13 29.1813058 46.6808855 467
Cl4 29.0991676 46.5743071 800
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Plate 51. Monthly Hg deposition flux at different locations in Kuwait in July 2017.
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Table 42. Monthly Hg Deposition Flux at Different Locations in Kuwait in July 2017

Dust

Collector Latitude-N Longitude-E Hg per Month (ng/m?)
C1 30.0715096 47.3613074 354
C2 30.05534 47.32869 207
C3 30.0917393 47.655737 273
C4 30.0912605 47.7122124 102
C5 30.0694149 47.7700665 340
C6 30.0376106 47.7857968 471
C7 30.02071 47.51591 370
C8 29.9957776 47.9594236 534
C9 30.0898839 47.4661286 193
C10 30.0149398 47.2162539 321
Cl1 29.7668371 47.0631178 73
Ci12 29.5012389 46.9138662 122
C13 29.1813058 46.6808855 288
Cl4 29.0991676 46.5743071 861
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Plate 52. Monthly Hg deposition flux at different locations in Kuwait in August 2017.
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Table 43. Monthly Hg Deposition Flux at Different Locations in Kuwait in

August2017

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

Cl 30.0715096 47.3613074 197
C2 30.05534 47.32869 137
C3 30.0917393 47.655737 103
C4 30.0912605 47.7122124 138
C5 30.0694149 47.7700665 176
C7 30.02071 47.51591 273
C8 29.9957776 47.9594236 229
C9 30.0898839 47.4661286 145
C10 30.0149398 47.2162539 145
Cl1 29.7668371 47.0631178 221
C12 29.5012389 46.9138662 78
C13 29.1813058 46.6808855 185
Cl4 29.0991676 46.5743071 424
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Plate 53. Monthly Hg deposition flux at different locations in Kuwait in September
2017.
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Table 44. Monthly Hg Deposition Flux at Different Locations in Kuwait in September

2017

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

Cl 30.0715096 47.3613074 179
C2 30.05534 47.32869 375
C3 30.0917393 47.655737 177
C4 30.0912605 47.7122124 237
C5 30.0694149 47.7700665 359
C6 30.0376106 47.7857968 203
C7 30.02071 47.51591 465
C8 29.9957776 47.9594236 351
C9 30.0898839 47.4661286 250
C10- 30.0149398 47.2162539 217
Cl1 29.7668371 47.0631178 243
C12 29.5012389 46.9138662 124
C13 29.1813058 46.6808855 176
Cl4 29.0991676 46.5743071 398
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Plate 54. Monthly Hg deposition flux at different locations in Kuwait in October 2017.
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Table 45. Monthly Hg Deposition Flux at Different Locations in Kuwait in October

2017

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

Cl 30.0715096 47.3613074 761
C2 30.05534 47.32869 299
C3 30.0917393 47.655737 590
C4 30.0912605 47.7122124 115
C5 30.0694149 47.7700665 332
C6 30.0376106 47.7857968 315
C7 30.02071 4751591 1051
C8 29.9957776 47.9594236 911
C9 30.0898839 47.4661286 354
C10 30.0149398 47.2162539 418
Cl1 29.7668371 47.0631178 396
C12 29.5012389 46.9138662 244
C13 29.1813058 46.6808855 1025
Cl4 29.0991676 46.5743071 604
C15 29.160281 47.056431 1036
C16 29.161405 46.979464 1652
C17 29.212119 46.980339 358
C18 29.229152 47.05784 415
C19 29.112582 47.045027 834

216



47°E 48°E

Iran

30°N
X
=

Iraq

Kuwait

Arabian Gulf

2°N °

Monthly Hg deposition Flux
( ng/m’per month) in November 2017

[ Ju-467 [ ]579-50
[ ] 468-541 I 592 - 615
[ |542-572 [ 616 - 653
[ 1573-5738 | 654 - 1,601

47°E

0510 20 30 40 JE Saudi Arabia

Plate 55. Monthly Hg deposition flux at different locations in Kuwait in November
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Table 46. Monthly Hg Deposition Flux at Different Locations in Kuwait in November

2017

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

Cl 30.0715096 47.3613074 591
C2 30.05534 47.32869 299
C3 30.0917393 47.655737 540
C4 30.0912605 47.7122124 373
C5 30.0694149 47.7700665 512
C6 30.0376106 47.7857968 678
C7 30.02071 47.51591 1051
C8 29.9957776 47.9594236 911
C9 30.0898839 47.4661286 426
C10 30.0149398 47.2162539 482
Cl1 29.7668371 47.0631178 349
C12 29.5012389 46.9138662 264
C13 29.1813058 46.6808855 603
Cl4 29.0991676 46.5743071 740
C15 29.160281 47.056431 400
C16 29.161405 46.979464 597
C17 29.212119 46.980339 11
C18 29.229152 47.05784 279
C19 29.112582 47.045027 1601
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Plate 56. Monthly Hg deposition flux at different locations in Kuwait in December
2017.
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Table 47. Monthly Hg Deposition Flux at Different Locations in Kuwait in December

2017

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

C2 30.05534 47.32869 94
C3 30.0917393 47.655737 185
C5 30.0694149 47.7700665 81
C6 30.0376106 47.7857968 162
C7 30.02071 47.51591 273
C8 29.9957776 47.9594236 5878
C9 30.0898839 47.4661286 255
C10 30.0149398 47.2162539 135
Cl1 29.7668371 47.0631178 190
C12 29.5012389 46.9138662 173
C13 29.1813058 46.6808855 333
Cl4 29.0991676 46.5743071 108
C15 29.160281 47.056431 81
C16 29.161405 46.979464 1923
C18 29.229152 47.05784 573
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Plate 57. Annual Hg deposition flux at different locations in Kuwait in 2018.
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Table 48. Annual Hg Deposition Flux at Different Locations in Kuwait in 2018

(D:glslfactor Latitude-N Longitude-E Hg per Year (ng/m?)
C1 30.0715096 47.3613074 16085
C2 30.05534 47.32869 6300
C3 30.0917393 47.655737 14435
C4 30.0912605 47.7122124 6627
C5 30.0694149 47.7700665 13073
C6 30.0376106 47.7857968 16841
C7 30.02071 4751591 19930
C8 29.9957776 47.9594236 27354
C9 30.0898839 47.4661286 12065
C10 30.0149398 47.2162539 14025
Ci11 29.7668371 47.0631178 13580
C12 29.5012389 46.9138662 16366
C13 29.1813058 46.6808855 15907
Cl4 29.0991676 46.5743071 24595
Ci15 29.160281 47.056431 18593
Cl6 29.161405 46.979464 26120
C17 29.212119 46.980339 140412
C18 29.229152 47.05784 23880
C19 29.112582 47.045027 58215
C20 29.337883 47.9059 17240
C21 29.339033 47.905533 24767
C22 29.33895 47.906567 16378
C23 28.542567 48.38475 14652
C24 28.5403 48.267717 7989
C25 28.5345 48.1464 13264
C26 28.5304 47.98615 31367
C27 28.5392 47.871567 12423
C28 28.660017 47.614333 16577
C29 28.9025 47.54185 31232
C30 29.0234 47.307883 18445
C31 29.04855 47.0474 10536
C32 29.080183 46.774917 16571
C33 28.790883 48.035083 8629
C34 28.718883 47.945717 26173
C35 28.610183 47.998217 2648
C36 28.740017 48.379533 5691
C37 28.939967 48.19995 10265
C38 29.590033 47.90955 12506
C39 29.596083 48.141833 11263
C40 29.71405 48.101067 7156
C41 29.919083 48.011883 3291
C42 29.955 47.828717 4692
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Table 49. Monthly Hg Deposition Flux at Different Locations in Kuwait in January

2018

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

Cl 30.0715096 47.3613074 675
C2 30.05534 47.32869 412
C3 30.0917393 47.655737 466
C4 30.0912605 47.7122124 302
C5 30.0694149 47.7700665 557
C6 30.0376106 47.7857968 413
C7 30.02071 4751591 325
C8 29.9957776 47.9594236 1256
C9 30.0898839 47.4661286 394
C10 30.0149398 47.2162539 643
Cl1 29.7668371 47.0631178 412
C12 29.5012389 46.9138662 383
C13 29.1813058 46.6808855 966
Cl4 29.0991676 46.5743071 366
C15 29.160281 47.056431 768
C16 29.161405 46.979464 1173
C17 29.212119 46.980339 1878
C18 29.229152 47.05784 106
C19 29.112582 47.045027 2332
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Table 50. Monthly Hg Deposition Flux at Different Locations in Kuwait in February

2018

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

C2 30.05534 47.32869 413
C3 30.0917393 47.655737 1384
C4 30.0912605 47.7122124 531
C5 30.0694149 47.7700665 1216
C6 30.0376106 47.7857968 900
C7 30.02071 4751591 823
C8 29.9957776 47.9594236 1809
C9 30.0898839 47.4661286 1408
C10 30.0149398 47.2162539 1283
Cl1 29.7668371 47.0631178 1052
C12 29.5012389 46.9138662 543
C13 29.1813058 46.6808855 1278
Cl4 29.0991676 46.5743071 1659
C20 29.337883 47.9059 483
c21 29.339033 47.905533 584
Cc22 29.33895 47.906567 321
C23 28.542567 48.38475 438
C24 28.5403 48.267717 573
C25 28.5345 48.1464 108
C26 28.5304 47.98615 1179
c27 28.5392 47.871567 449
Cc28 28.660017 47.614333 508
C29 28.9025 47.54185 5170
C30 29.0234 47.307883 676
C31 29.04855 47.0474 459
C32 29.080183 46.774917 316
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Plate 60. Monthly Hg deposition flux of different locations in Kuwait in March 2018.
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Table 51. Monthly Hg Deposition Flux at Different Locations in Kuwait in March

2018

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

Cl 30.0715096 47.3613074 904
C2 30.05534 47.32869 380
C3 30.0917393 47.655737 1637
C4 30.0912605 47.7122124 630
C5 30.0694149 47.7700665 1197
C6 30.0376106 47.7857968 1104
C7 30.02071 47.51591 925
C8 29.9957776 47.9594236 1681
C9 30.0898839 47.4661286 614
C10 30.0149398 47.2162539 923
Cl1 29.7668371 47.0631178 804
C12 29.5012389 46.9138662 1557
C13 29.1813058 46.6808855 1499
Cl4 29.0991676 46.5743071 2020
C15 29.160281 47.056431 383
C16 29.161405 46.979464 981
C17 29.212119 46.980339 519
C18 29.229152 47.05784 1325
C19 29.112582 47.045027 855
C20 29.337883 47.9059 1060
C21 29.339033 47.905533 861
C22 29.33895 47.906567 1231
C23 28.542567 48.38475 2543
C24 28.5403 48.267717 1120
C25 28.5345 48.1464 2011
C26 28.5304 47.98615 880
Cc27 28.5392 47.871567 859
C28 28.660017 47.614333 1357
C29 28.9025 47.54185 7013
C30 29.0234 47.307883 2386
C31 29.04855 47.0474 931
C32 29.080183 46.774917 1077
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Table 52. Monthly Hg Deposition Flux at Different Locations in Kuwait in April 2018

Dust

Collector Latitude-N Longitude-E Hg per Month (ng/m?)
C1 30.0715096 47.3613074 2442
C2 30.05534 47.32869 895
C3 30.0917393 47.655737 1325
C4 30.0912605 47.7122124 746
C5 30.0694149 47.7700665 1388
C6 30.0376106 47.7857968 3196
C7 30.02071 47.51591 4570
C8 29.9957776 47.9594236 4372
C9 30.0898839 47.4661286 1606
C10 30.0149398 47.2162539 1826
Cl1 29.7668371 47.0631178 2259
Ci12 29.5012389 46.9138662 2972
C13 29.1813058 46.6808855 1560
Cl4 29.0991676 46.5743071 4152
C15 29.160281 47.056431 3771
C16 29.161405 46.979464 12404
C18 29.229152 47.05784 394
C19 29.112582 47.045027 8042
C20 29.337883 47.9059 823
C21 29.339033 47.905533 1442
C22 29.33895 47.906567 405
C23 28.542567 48.38475 452
C24 28.5403 48.267717 201
C25 28.5345 48.1464 43
C26 28.5304 47.98615 107
C27 28.5392 47.871567 992
C28 28.660017 47.614333 3416
C29 28.9025 47.54185 1470
C30 29.0234 47.307883 1018
C31 29.04855 47.0474 2308
C32 29.080183 46.774917 1366
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Plate 62. Monthly Hg deposition flux at different locations in Kuwait in May 2018.
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Table 53. Monthly Hg Deposition Flux at Different Locations in Kuwait in May 2018

(D:gislfactor Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 4179
C17 29.212119 46.980339 23932
C18 29.229152 47.05784 3036
C19 29.112582 47.045027 2501
C20 29.337883 47.9059 3811
C21 29.339033 47.905533 6970
C22 29.33895 47.906567 5174
C23 28.542567 48.38475 3444
C24 28.5403 48.267717 2041
C25 28.5345 48.1464 4141
C26 28.5304 47.98615 3398
Cc27 28.5392 47.871567 3227
C28 28.660017 47.614333 2235
C29 28.9025 47.54185 3901
C30 29.0234 47.307883 4425
C31 29.04855 47.0474 1682
C32 29.080183 46.774917 6014
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Plate 63. Monthly Hg deposition flux at different locations in Kuwait in June 2018.
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Table 54. Monthly Hg Deposition Flux at Different Locations in Kuwait in June 2018

(D:glslfactor Latitude-N Longitude-E Hg per Month (ng/m?)
Ci15 29.160281 47.056431 2312
Cl6 29.161405 46.979464 1669
C17 29.212119 46.980339 20206
C18 29.229152 47.05784 1758
C19 29.112582 47.045027 14692
C20 29.337883 47.9059 3761
C21 29.339033 47.905533 1332
C22 29.33895 47.906567 2143
C23 28.542567 48.38475 529
C24 28.5403 48.267717 460
C25 28.5345 48.1464 239
C26 28.5304 47.98615 1317
C27 28.5392 47.871567 1100
C28 28.660017 47.614333 747
C29 28.9025 47.54185 367
C30 29.0234 47.307883 1097
C31 29.04855 47.0474 555
C32 29.080183 46.774917 145
C33 28.790883 48.035083 306
C35 28.610183 47.998217 139
C36 28.740017 48.379533 575
C37 28.939967 48.19995 491
C38 29.590033 47.90955 571
C39 29.596083 48.141833 14
C40 29.71405 48.101067 531
C41 29.919083 48.011883 191
C42 29.955 47.828717 485
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Table 55. Monthly Hg Deposition Flux at Different Locations in Kuwait in July 2018

(D:glslfactor Latitude-N Longitude-E Hg per Month (ng/m?)
Ci15 29.160281 47.056431 415
Cl6 29.161405 46.979464 2392
C17 29.212119 46.980339 46087
C18 29.229152 47.05784 6836
C19 29.112582 47.045027 17764
C21 29.339033 47.905533 2568
C23 28.542567 48.38475 301
C24 28.5403 48.267717 326
C25 28.5345 48.1464 1589
C26 28.5304 47.98615 12523
C27 28.5392 47.871567 855
C28 28.660017 47.614333 1832
C29 28.9025 47.54185 1926
C30 29.0234 47.307883 1000
C31 29.04855 47.0474 1035
C32 29.080183 46.774917 1512
C33 28.790883 48.035083 1084
C34 28.718883 47.945717 875
C35 28.610183 47.998217 278
C36 28.740017 48.379533 413
C37 28.939967 48.19995 306
C38 29.590033 47.90955 733
C39 29.596083 48.141833 821
C40 29.71405 48.101067 231
C41 29.919083 48.011883 255
C42 29.955 47.828717 352
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Table 56. Monthly Hg Deposition Flux at Different Locations in Kuwait in August

?:glslfector Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 576
C16 29.161405 46.979464 1583
C18 29.229152 47.05784 6065
c21 29.339033 47.905533 1208
C23 28.542567 48.38475 325
C24 28.5403 48.267717 256
C25 28.5345 48.1464 139
c27 28.5392 47.871567 558
C28 28.660017 47.614333 385
C29 28.9025 47.54185 216
C30 29.0234 47.307883 528
C31 29.04855 47.0474 253
C32 29.080183 46.774917 367
C33 28.790883 48.035083 544
C34 28.718883 47.945717 1923
C36 28.740017 48.379533 631
C37 28.939967 48.19995 790
C38 29.590033 47.90955 845
C39 29.596083 48.141833 3025
C40 29.71405 48.101067 303
Cc42 29.955 47.828717 573
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Table 57. Monthly Hg Deposition Flux at Different Locations in Kuwait in September

gglslfector Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 230
C16 29.161405 46.979464 319
C17 29.212119 46.980339 178
C18 29.229152 47.05784 250
C19 29.112582 47.045027 384
C20 29.337883 47.9059 59
Cc21 29.339033 47.905533 1215
Cc22 29.33895 47.906567 218
C23 28.542567 48.38475 273
C24 28.5403 48.267717 516
C25 28.5345 48.1464 579
C26 28.5304 47.98615 475
c27 28.5392 47.871567 194
C28 28.660017 47.614333 166
C29 28.9025 47.54185 358
C30 29.0234 47.307883 252
C31 29.04855 47.0474 489
C32 29.080183 46.774917 546
C33 28.790883 48.035083 703
C34 28.718883 47.945717 969
C35 28.610183 47.998217 235
C36 28.740017 48.379533 524
C37 28.939967 48.19995 157
C38 29.590033 47.90955 384
C39 29.596083 48.141833 438
C40 29.71405 48.101067 321
C41 29.919083 48.011883 79
C42 29.955 47.828717 231
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Plate 67. Monthly Hg deposition flux at different locations in Kuwait in October 2018.
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Table 58. Monthly Hg Deposition Flux at Different Locations in Kuwait in October

?:glslfector Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 1045
C16 29.161405 46.979464 268
C17 29.212119 46.980339 527
C18 29.229152 47.05784 570
C19 29.112582 47.045027 132
C34 28.718883 47.945717 6443
C35 28.610183 47.998217 40
C36 28.740017 48.379533 171
C37 28.939967 48.19995 3157
C38 29.590033 47.90955 148
C39 29.596083 48.141833 257
C40 29.71405 48.101067 651
Cc41 29.919083 48.011883 511
C42 29.955 47.828717 292
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Plate 68. Monthly Hg deposition flux at different locations in Kuwait in November
2018.
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Table 59. Monthly Hg Deposition Flux at Different Locations in Kuwait in November

gglslfector Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 1204
C16 29.161405 46.979464 683
C18 29.229152 47.05784 1421
C19 29.112582 47.045027 1164
C20 29.337883 47.9059 587
c21 29.339033 47.905533 2907
C22 29.33895 47.906567 1047
C33 28.790883 48.035083 1439
C34 28.718883 47.945717 696
C35 28.610183 47.998217 458
C36 28.740017 48.379533 653
C37 28.939967 48.19995 773
C38 29.590033 47.90955 1432
C39 29.596083 48.141833 1761
C40 29.71405 48.101067 1847
Cc41 29.919083 48.011883 326
C42 29.955 47.828717 470
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Plate 69. Monthly Hg deposition flux of different locations in Kuwait in December
2018.
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Table 60. Monthly Hg Deposition Flux at Different Locations in Kuwait in December

gglslfector Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 2162
C16 29.161405 46.979464 294
C17 29.212119 46.980339 281
C18 29.229152 47.05784 128
C19 29.112582 47.045027 646
C20 29.337883 47.9059 911
c21 29.339033 47.905533 1550
C22 29.33895 47.906567 380
C23 28.542567 48.38475 2685
C24 28.5403 48.267717 499
C25 28.5345 48.1464 1100
C26 28.5304 47.98615 1032
Cc27 28.5392 47.871567 1081
C28 28.660017 47.614333 1787
C29 28.9025 47.54185 3002
C30 29.0234 47.307883 2451
C31 29.04855 47.0474 189
C32 29.080183 46.774917 1085
C33 28.790883 48.035083 238
C35 28.610183 47.998217 174
C36 28.740017 48.379533 353
C37 28.939967 48.19995 315
C38 29.590033 47.90955 3181
C39 29.596083 48.141833 255
C40 29.71405 48.101067 290
C41 29.919083 48.011883 283
C42 29.955 47.828717 333
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Table 61. Annual Hg Deposition Flux at Different Locations in Kuwait in 2019

(D:glslfactor Latitude-N Longitude-E Hg per Year (ng/m?)
Ci15 29.160281 47.056431 93071
Cl6 29.161405 46.979464 18924
C17 29.212119 46.980339 9294
C18 29.229152 47.05784 10028
C19 29.112582 47.045027 6384
C20 29.337883 47.9059 12097
C21 29.339033 47.905533 23678
C22 29.33895 47.906567 9831
C23 28.542567 48.38475 10355
C24 28.5403 48.267717 7998
C25 28.5345 48.1464 12268
C26 28.5304 47.98615 10745
C27 28.5392 47.871567 46828
C28 28.660017 47.614333 9542
C29 28.9025 47.54185 7388
C30 29.0234 47.307883 7495
C31 29.04855 47.0474 6390
C32 29.080183 46.774917 8810
C33 28.790883 48.035083 9316
C34 28.718883 47.945717 5642
C35 28.610183 47.998217 13222
C36 28.740017 48.379533 15660
C37 28.939967 48.19995 7436
C38 29.590033 47.90955 5097
C39 29.596083 48.141833 6894
C40 29.71405 48.101067 4927
C41 29.919083 48.011883 6388
C42 29.955 47.828717 4721
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Plate 71. Monthly Hg deposition flux at different locations in Kuwait in January 20109.
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Table 62. Monthly Hg Deposition Flux at Different Locations in Kuwait in January

2019

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

C15 29.160281 47.056431 10856
C16 29.161405 46.979464 150
C17 29.212119 46.980339 775
C18 29.229152 47.05784 480
C19 29.112582 47.045027 363
C20 29.337883 47.9059 600
Cc21 29.339033 47.905533 2780
Cc22 29.33895 47.906567 842
C23 28.542567 48.38475 618
C24 28.5403 48.267717 491
C25 28.5345 48.1464 721
C26 28.5304 47.98615 927
c27 28.5392 47.871567 8770
C28 28.660017 47.614333 734
C29 28.9025 47.54185 960
C30 29.0234 47.307883 821
C31 29.04855 47.0474 689
C32 29.080183 46.774917 379
C33 28.790883 48.035083 1312
C35 28.610183 47.998217 1514
C36 28.740017 48.379533 1083
C37 28.939967 48.19995 1357
C38 29.590033 47.90955 355
C39 29.596083 48.141833 1711
C40 29.71405 48.101067 620
C41 29.919083 48.011883 587
C42 29.955 47.828717 384
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Table 63. Monthly Hg Deposition Flux at Different Locations in Kuwait in February

2019

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

C15 29.160281 47.056431 2103
C16 29.161405 46.979464 527
C17 29.212119 46.980339 351
C18 29.229152 47.05784 163
C19 29.112582 47.045027 284
c21 29.339033 47.905533 1886
C22 29.33895 47.906567 901
C24 28.5403 48.267717 723
C25 28.5345 48.1464 932
C26 28.5304 47.98615 725
Cc27 28.5392 47.871567 425
C28 28.660017 47.614333 403
C29 28.9025 47.54185 295
C30 29.0234 47.307883 429
C31 29.04855 47.0474 298
C32 29.080183 46.774917 192
C33 28.790883 48.035083 360
C34 28.718883 47.945717 1103
C35 28.610183 47.998217 386
C36 28.740017 48.379533 596
C37 28.939967 48.19995 436
C38 29.590033 47.90955 742
C39 29.596083 48.141833 431
C40 29.71405 48.101067 349
C42 29.955 47.828717 243
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Table 64. Monthly Hg Deposition Flux at Different Locations in Kuwait in March

2019

Dust Latitude-N Longitude-E Hg per Month (ng/m?)
Collector

C15 29.160281 47.056431 12667
C16 29.161405 46.979464 830
C17 29.212119 46.980339 743
C18 29.229152 47.05784 939
C19 29.112582 47.045027 560
C20 29.337883 47.9059 1455
Cc21 29.339033 47.905533 1909
Cc22 29.33895 47.906567 676
C23 28.542567 48.38475 1108
C24 28.5403 48.267717 786
C25 28.5345 48.1464 1414
C26 28.5304 47.98615 1034
c27 28.5392 47.871567 2513
C28 28.660017 47.614333 1248
C29 28.9025 47.54185 591
C30 29.0234 47.307883 623
C31 29.04855 47.0474 611
C32 29.080183 46.774917 1631
C33 28.790883 48.035083 1512
C34 28.718883 47.945717 178
C35 28.610183 47.998217 2788
C36 28.740017 48.379533 3536
C37 28.939967 48.19995 273
C38 29.590033 47.90955 522
C39 29.596083 48.141833 262
C40 29.71405 48.101067 198
C41 29.919083 48.011883 457
C42 29.955 47.828717 775
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Table 65. Monthly Hg Deposition Flux at Different Locations in Kuwait in April 2019

(D:glslfactor Latitude-N Longitude-E Hg per Month (ng/m?)
Ci15 29.160281 47.056431 11277
Cl6 29.161405 46.979464 5603
C17 29.212119 46.980339 375
C18 29.229152 47.05784 1975
C19 29.112582 47.045027 1178
C20 29.337883 47.9059 1239
C21 29.339033 47.905533 2040
C22 29.33895 47.906567 954
C33 28.790883 48.035083 376
C34 28.718883 47.945717 193
C35 28.610183 47.998217 408
C36 28.740017 48.379533 889
C37 28.939967 48.19995 508
C38 29.590033 47.90955 258
C39 29.596083 48.141833 251
C40 29.71405 48.101067 579
C41 29.919083 48.011883 475
C42 29.955 47.828717 311
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Table 66. Monthly Hg Deposition Flux at Different Locations in Kuwait in May 2019

?:glslfector Latitude-N Longitude-E Hg per Month (ng/m?)
C15 29.160281 47.056431 1877
C16 29.161405 46.979464 774
C17 29.212119 46.980339 1628
C18 29.229152 47.05784 620
C19 29.112582 47.045027 275
C20 29.337883 47.9059 739
C21 29.339033 47.905533 1251
C22 29.33895 47.906567 724
C33 28.790883 48.035083 322
C34 28.718883 47.945717 407
C35 28.610183 47.998217 413
C36 28.740017 48.379533 422
C37 28.939967 48.19995 524
C38 29.590033 47.90955 246
C39 29.596083 48.141833 217
C40 29.71405 48.101067 306
C41 29.919083 48.011883 610
C42 29.955 47.828717 255
Conclusion

The analysis of the historical data showed that the monthly maximum mercury
deposition flux (MDF) was 3242 ng m2 mo™in June 2011 at Liyah and the second highest
flux was 3030 ng m? mo*in May 2012 at Liyah, while at Al-Bahra and Bubiyan, the MDF
was lower than that at Liyah. The complete 12-month data of 2012 for Liyah had a
maximum MDF in May, which was almost of the same order of magnitude as that of the
previous year.

The annual maximum MDF was calculated for 2011 as the data were incomplete,
i.e., short of a few months, and was measured at 10690 ng m2 y* at Liyah, while the MDF
was the lowest at 570 ng m2 y* at Al-Bahra location. For 2012, the dust fallout data were

complete at Liyah and showed a similar value of maximum MDF of 15717 ng m? y*!
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reflecting identical operations in the neighbouring Southern Iragi and Northern Kuwaiti oil
fields. There were random seasonal variations, mainly depicting the activities associated
with mercury emissions. In China and Europe, winter season had elevated levels of
mercury deposition due to a high coal consumption in heating and high energy demand,
being fulfilled by fossil fuels (Wan et al., 2009; Xu et al., 2013; EC, 2001).

The comprehensive measurements of monthly natural dust fallout at different
locations in the State of Kuwait were conducted for 2017 to 2019, to identify the most
probable sources of mercury emissions. In 2017, dust from nineteen locations was sampled
for the period of seven months (May to December 2017). The calculated annual average
MDF was about 7673 ng m? yr! and median value was 5655.3 ng m? yr* from all of the
selected locations and the annual maximum MDF was almost 2.2 times the annual average
MDF, which was observed at Al-Buhaith, assuring the predominant source from the flares
of Southern Iragi and Northern Kuwaiti Oil Fields’ activities. The monthly MDFs were
high from October to November at Shagaya location and the highest was noted in
December at Al-Buhaith, which was strongly influenced by the prevailing meteorological
conditions. There were significant values of MDF at Al-Shaheed Jerman in May and Al-
Tahreer in June.

In 2018, dust from 42 locations, most of which along the international border of
Kuwait, were sampled for the entire year. The annual average MDF was about 19242 ng
m?2 y?! and the median value was 15280 ng m?2 y* from all of the selected border
locations, and the annual maximum MDF was almost 7.3 times the annual average MDF,
which was observed at Shagaya, assuring the predominant source from Kra’Almru Oil
Fields’ activities. The monthly MDFs were high from April and August at Shagaya, the
highest being in July, which was strongly influenced by the prevailing meteorological
conditions.

In 2019, dust from 28 locations was sampled for the period of five months (January
to May 2019). The calculated annual average MDF was around 13944 ng m? y* and the
median value was 9305 ng m? y* observed at all of the selected locations. The annual
maximum MDF was almost 6.7 times the annual average MDF, which was observed at
Shagaya assuring the predominant source from the flares of Kra’Amru Oil Fields’
activities. The monthly MDFs were high from January to May at Shagaya location, the
highest being in March, which was strongly influenced by the prevailing meteorological

conditions.
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Annual mercury deposition fluxes were calculated from the annual dust fallout
values at different locations and had an increasing trend based on three years’ data (2017—
2019), mainly due to increased petroleum upstream activities.

Shagaya’s remote site was chosen to produce power using renewable sources,
which were present in abundance and were utilized to the maximum availability. This site
has a very strong and gusty wind. The average wind speed for the Shagaya Wind Farm for
2017 and 2018 was 8.11 m/s and 8.15 m/s, respectively (Table 67) (Al Nassar et al., 2019;
Al-Nassar and Neelamani, 2018), for most of the period making it suitable for harvesting
excessive energy to convert to power to be utilized by Kuwait’s population. Strong wind
and gust transported large amounts of dust/sand from distant sources carrying different

pollutants originating from distant sources.

Table 67. Wind Speed (m/s) from the Shagaya Wind Farm for 2018 and 2019

Wind Speed (m/s) at 80 m Height*

Month 10-min Instantaneous
Average Maximum Average Maximum

August 2019 10.74 37.02 14.91 NA

July 2019 11.175 19.4 13.61 23.4
June 2019 8.65 17.01 10.71 25.9
May 2019 6.91 20.64 8.45 25.2
April 2019 7.8 21.89 9.43 26.3
March 2019 7.91 21.89 9.4 26.3
February 2019 7.3 22.17 8.39 25.4
January 2019 7.23 17.2 8.17 18.6
December 2018 6.64 16.1 7.45 14.6
November 2018 6.72 23.56 7.71 30.7
October 2018 7.921 21.1 NA NA

September 2018 7.5 15.47 NA NA

*Al Nassar et al., 2019 and Al-Nassar and Neelamani, 2018

Limitations

The collected data have been limited due to practical difficulties and strict
restrictions, which had obstructed monitoring and measuring mercury freely at all locations
to assure the most probable sources. These regulations had resulted in limited sampling
reflecting restricted specific spatial and temporal trends in mercury levels as well as dry
MDF. To observe the spatial and temporal trends, experimental work has to be extended to
cover the entire State of Kuwait for longer periods of time, and proposed models in the

literature have to be implemented to evaluate the exact trends of mercury pollution in the
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State of Kuwait. Annual mercury deposition fluxes were calculated from the annual dust
fallout values at different locations and had an increasing trend based on three years’
limited incomplete data (2017-2019), which have to be re-evaluated for an extended
period, that is a minimum of five years, for a complete annual dust fallout measured data to

give a more elaborative trend.

Section 9 - Measurement of Total Mercury in Ground Soil/Sand from Different

Important Locations in Kuwait

Kuwait is located in the northeastern corner of Arabian Peninsula and has a dry and
arid climate. The dust storms are more frequent in summer than in other seasons. Dust
storms are categorized based on the dust/sand particle sizes and prevalent meteorological
conditions. The natural and man-made monthly dust fallout at different sites depends on
the dust transported from short or long distances based on driving conditions (wind
speed/wind direction). Al-Dousari and Al-Awadhi (2012) discussed the amount of dust
fallout and movement of sand dunes in the desert of Kuwait. Gaffney and Marley (2014)
discussed the chemistry of mercury to understand the mercury cycle on the globe, which

was complex. Aba et al. (2018) reported atmospheric fluxes of cesium isotope

137Cs associated with dust fallout in the northern Arabian Gulf, where the correlations with

the monthly dust fallout and the '3ICs deposition fluxes and precipitation rate were

approximately 0.95 and 0.84, respectively. The dust has a large surface area and has high
adsorbing characteristics bringing pollutants to move over rural/urban, industrial,
agricultural, and mining areas, and some are generated by anthropogenic sources. Long
distance transported dust has mercury contamination in dust fallout, which also constituted
of ash emitted from combustion processes.

Dust fallout containing ash from combustion processes might have high levels of
mercury. Ground soil/sand were obtained by the grab sampling method from many
locations during passive sampling and dust collecting campaigns were conducted at
various locations in Kuwait for a period of three years (2017-2019). The GPS locations
were similar to those of the dust collector locations but have been referred to as GS1
through GS42 with the addition of ground soil/sand from landfills, urban areas, and

restricted KNPC and KOC sites (Table 68), to quantify mercury levels in the top ground
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dust at selected sampling sites. Plume from ground flares were usually short and all the
soot and ash that settled in the vicinity of the flare were controlled by wind and
temperature encompassing convective buoyancy due to the difference in density caused by
flame temperature. For tall stacks, with over temperature and wind speed, the stability class
had a strong influence on dispersion and touchdown location, where ash and soot got

deposited thus varying the concentration of mercury.

Table 68. Raw Data Showing the Maximum Concentration of Mercury (ng/g)
Measured from the Ground Soil/Sand Collected from Selected Locations in

Kuwait from 2017 to 2019
Maximum
Clusters Location Area Concentration
(ng/9)

GS-City GS-21 KISR 12.1
GS-City GS-21 KISR 12,5
GS-City GS-21 KISR 3.3
GS-City GS-21 KISR 16.1
GS-City GS-21 KISR 16.3
GS-City GS-21 KISR 4
GS-City GS-21 KISR 11.3
GS-City GS-21 KISR 6.9
GS-City GS-21 KISR 11.4
GS-City GS-21 KISR 28.4
GS-KNPC  GS-KNPC-1 KNPC 17.5
GS-KNPC  GS-KNPC-10 KNPC 20.3
GS-KNPC  GS-KNPC-10 KNPC 4.9
GS-KNPC  GS-KNPC-2 KNPC 6.2
GS-KNPC  GS-KNPC-3 KNPC 27.2
GS-KNPC GS-KNPC-4 KNPC 9.8
GS-KNPC  GS-KNPC-5 KNPC 325
GS-KNPC  GS-KNPC-6 KNPC 7
GS-KNPC  GS-KNPC-7 KNPC 4.1
GS-KNPC GS-KNPC-8 KNPC 17.6
GS-KNPC  GS-KNPC-9 KNPC 5.6
GS-KNPC t(;:n?(-KNPC-north roadnear ~KNPC 9.9
GS-KNPC  GS-KNPC-spent catalyst KNPC 11.6
GS-KNPC  GS-KNPC-store KNPC 2.2
GS-KOC GS-KOC-8s KOC 14.8
GS-KOC GS-KOC-nTF KOC 37.3
GS-KOC GS-KOC:-roof KOC 11.3
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-Landfill GS-L1 Al-Jahra 14.1
GS-Landfill GS-L11 Shuaiba 18.6
GS-Landfill GS-L12 Mina Abdullah 20
GS-Landfill GS-L15 Yarmouk 15.9
GS-Landfill GS-L2 Al-Sulaibiyah 19.1
GS-Landfill GS-L4a South Seventh Ring Road 125
GS-Landfill GS-L4b South Seventh Ring Road 6.6
GS-Landfill GS-L5 Jleeb Al-Shuyoukh 13.7
GS-Landfill GS-L6 North Seventh Ring Road 9.9
GS-Landfill GS-L7 Kabd 21.2
GS-Landfill GS-L9 Qurain 18.9
GS-North  GS-1 Al-Tahreer Center 16.1
GS-North  GS-1 Al-Tahreer Center 10
GS-North  GS-1 Al-Tahreer Center 40.8
GS-North  GS-1 Al-Tahreer Center 24.8
GS-North  GS-1 Al-Tahreer Center 7.1
GS-North  GS-1 Al-Tahreer Center 8.3
GS-North  GS-1 Al-Tahreer Center 2
GS-North  GS-2 Al Sukhaibri Center 11.2
GS-North  GS-2 Al Sukhaibri Center 13.1
GS-North  GS-2 Al Sukhaibri Center 12.4
GS-North  GS-2 Al Sukhaibri Center 20.5
GS-North  GS-2 Al Sukhaibri Center 4.7
GS-North  GS-2 Al Sukhaibri Center 4.7
GS-North  GS-2 Al Sukhaibri Center 6.6
GS-North  GS-2 Al Sukhaibri Center 16.4
GS-North  GS-3 Um Sudairah Center 13.7
GS-North  GS-3 Um Sudairah Center 8.2
GS-North  GS-3 Um Sudairah Center 24.8
GS-North  GS-3 Um Sudairah Center 10
GS-North  GS-3 Um Sudairah Center 13.6
GS-North  GS-3 Um Sudairah Center 14.4
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-North  GS-4 Al Abdali Center 28.4
GS-North  GS-4 Al Abdali Center 5.8
GS-North  GS-4 Al Abdali Center 4.8
GS-North  GS-4 Al Abdali Center 6.8
GS-North  GS-4 Al Abdali Center 11.9
GS-North  GS-4 Al Abdali Center 9.2
GS-North  GS-4 Al Abdali Center 7.3
GS-North  GS-4 Al Abdali Center 71
GS-North  GS-5 Al Mazarea’ Center 8.3
GS-North  GS-5 Al Mazarea’ Center 10.1
GS-North  GS-5 Al Mazarea’ Center 48.9
GS-North  GS-5 Al Mazarea’ Center 12.2
GS-North  GS-5 Al Mazarea’ Center 1.8
GS-North  GS-5 Al Mazarea’ Center 5.3
GS-North  GS-5 Al Mazarea’ Center 9
GS-North  GS-6 Al Azmiya Center 7.8
GS-North  GS-6 Al Azmiya Center 9.3
GS-North  GS-6 Al Azmiya Center 23
GS-North  GS-6 Al Azmiya Center 13.2
GS-North  GS-6 Al Azmiya Center 18.9
GS-North  GS-6 Al Azmiya Center 7.8
GS-North  GS-6 Al Azmiya Center 18.2
GS-North  GS-7 Um Niga Center 5.4
GS-North  GS-7 Um Niga Center 12.5
GS-North  GS-7 Um Niga Center 7.6
GS-North  GS-7 Um Niga Center 11.7
GS-North  GS-7 Um Niga Center 12
GS-North  GS-7 Um Niga Center 7.7
GS-North  GS-7 Um Niga Center 9
GS-North  GS-7 Um Niga Center 14.4
GS-North  GS-8 Al Buhaith Center 95
GS-North  GS-8 Al Buhaith Center 17.1
GS-North  GS-8 Al Buhaith Center 12.5
GS-North  GS-8 Al Buhaith Center 12.6
GS-North  GS-8 Al Buhaith Center 11.8
GS-North  GS-8 Al Buhaith Center 9.6
GS-North  GS-8 Al Buhaith Center 35
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-North  GS-9 Al Ritga Center 45
GS-North ~ GS-9 Al Ritga Center 17.9
GS-North  GS-9 Al Ritga Center 29
GS-North  GS-9 Al Ritga Center 9.3
GS-North  GS-9 Al Ritga Center 3.3
GS-North  GS-9 Al Ritga Center 17.7
GS-North  GS-9 Al Ritga Center 14.7
GS-North  GS-10 Bahrat Hoshan Center 16.7
GS-North  GS-10 Bahrat Hoshan Center 1.3
GS-North  GS-10 Bahrat Hoshan Center 17.1
GS-North  GS-10 Bahrat Hoshan Center 22.6
GS-North  GS-10 Bahrat Hoshan Center 6.7
GS-North  GS-10 Bahrat Hoshan Center 27
GS-North  GS-10 Bahrat Hoshan Center 18.2
GS-North  GS-11 Al-Somoud Center 28
GS-North  GS-11 Al-Somoud Center 1.1
GS-North  GS-11 Al-Somoud Center 50.6
GS-North  GS-11 Al-Somoud Center 21
GS-North  GS-11 Al-Somoud Center 55
GS-North  GS-11 Al-Somoud Center 27
GS-North  GS-11 Al-Somoud Center 28
GS-North  GS-38 Al-Subiah BS 4.2
GS-North  GS-38 Al-Subiah BS 24.3
GS-North  GS-38 Al-Subiah BS 72.2
GS-North  GS-38 Al-Subiah BS 10.3
GS-North  GS-38 Al-Subiah BS 10.4
GS-North  GS-38 Al-Subiah BS 8.4
GS-North  GS-38 Al-Subiah BS 13.9
GS-North  GS-38 Al-Subiah BS 9.9
GS-North  GS-38 Al-Subiah BS 8.1
GS-North  GS-38 Al-Subiah BS 0.6
GS-North  GS-38 Al-Subiah BS 6.9
GS-North  GS-38 Al-Subiah BS 15.3
GS-North  GS-38 Al-Subiah BS 18.9
GS-North  GS-38 Al-Subiah BS 15.5
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-North  GS-39 Al-Subiah police station 16.5
GS-North  GS-39 Al-Subiah police station 26.9
GS-North  GS-39 Al-Subiah police station 13.4
GS-North  GS-39 Al-Subiah police station 12.7
GS-North  GS-39 Al-Subiah police station 4.6
GS-North  GS-39 Al-Subiah police station 45
GS-North  GS-39 Al-Subiah police station 5.9
GS-North  GS-39 Al-Subiah police station 5.5
GS-North  GS-39 Al-Subiah police station 5
GS-North  GS-39 Al-Subiah police station 7.3
GS-North  GS-39 Al-Subiah police station 11.4
GS-North  GS-40 New Bubiyan bridge 15.2
GS-North  GS-40 New Bubiyan bridge 3.8
GS-North ~ GS-40 New Bubiyan bridge 10.8
GS-North  GS-40 New Bubiyan bridge 259
GS-North  GS-40 New Bubiyan bridge 49.7
GS-North  GS-40 New Bubiyan bridge 44.5
GS-North  GS-40 New Bubiyan bridge 17
GS-North  GS-40 New Bubiyan bridge 14.2
GS-North ~ GS-40 New Bubiyan bridge 6.9
GS-North  GS-40 New Bubiyan bridge 14
GS-North ~ GS-40 New Bubiyan bridge 17.6
GS-North  GS-40 New Bubiyan bridge 13
GS-North  GS-41 The camp (Al-Beheeth) 7.6
GS-North  GS-41 The camp (Al-Beheeth) 3.2
GS-North  GS-41 The camp (Al-Beheeth) 12.6
GS-North  GS-41 The camp (Al-Beheeth) 2.6
GS-North  GS-41 The camp (Al-Beheeth) 11.8
GS-North  GS-41 The camp (Al-Beheeth) 56
GS-North  GS-41 The camp (Al-Beheeth) 30.6
GS-North  GS-41 The camp (Al-Beheeth) 16.6
GS-North  GS-41 The camp (Al-Beheeth) 19
GS-North  GS-41 The camp (Al-Beheeth) 8
GS-North  GS-41 The camp (Al-Beheeth) 21.3
GS-North  GS-41 The camp (Al-Beheeth) 18.5
GS-North  GS-41 The camp (Al-Beheeth) 3
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-North GS-42 Al-Beheeth-Al-Abdulli Road 5.8
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 24.7
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 6.3
GS-North GS-42 Al-Beheeth-Al-Abdulli Road 215
GS-North GS-42 Al-Beheeth-Al-Abdulli Road 7.9
GS-North GS-42 Al-Beheeth-Al-Abdulli Road 3
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 4.3
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 10.1
GS-North GS-42 Al-Beheeth-Al-Abdulli Road 11.7
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 26.9
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 21
GS-North  GS-42 Al-Beheeth-Al-Abdulli Road 5.6
GS-South  GS-23 Nuwaiseeb Centre (South) 9.5
GS-South  GS-23 Nuwaiseeb Centre (South) 17.2
GS-South  GS-23 Nuwaiseeb Centre (South) 4.5
GS-South  GS-23 Nuwaiseeb Centre (South) 5.5
GS-South  GS-23 Nuwaiseeb Centre (South) 25
GS-South  GS-23 Nuwaiseeb Centre (South) 19.3
GS-South  GS-23 Nuwaiseeb Centre (South) 15.6
GS-South  GS-23 Nuwaiseeb Centre (South) 6.8
GS-South  GS-23 Nuwaiseeb Centre (South) 28.6
GS-South  GS-23 Nuwaiseeb Centre (South) 17.9
GS-South  GS-23 Nuwaiseeb Centre (South) 13.6
GS-South  GS-23 Nuwaiseeb Centre (South) 9.2
GS-South  GS-24 Jlaida Centre 26
GS-South  GS-24 Jlaida Centre 6.6
GS-South  GS-24 Jlaida Centre 7.6
GS-South  GS-24 Jlaida Centre 3.8
GS-South  GS-24 Jlaida Centre 12.6
GS-South  GS-24 Jlaida Centre 6.9
GS-South  GS-24 Jlaida Centre 14.6
GS-South  GS-24 Jlaida Centre 12.1
GS-South  GS-24 Jlaida Centre 10.6
GS-South  GS-24 Jlaida Centre 7.3
GS-South  GS-24 Jlaida Centre 13.2
GS-South  GS-24 Jlaida Centre 10.4
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-South  GS-25 Raghwa Centre 5
GS-South  GS-25 Raghwa Centre 16.1
GS-South  GS-25 Raghwa Centre 18.3
GS-South  GS-25 Raghwa Centre 15.1
GS-South  GS-25 Raghwa Centre 21
GS-South  GS-25 Raghwa Centre 24.3
GS-South  GS-25 Raghwa Centre 26
GS-South  GS-25 Raghwa Centre 7.4
GS-South  GS-25 Raghwa Centre 1.3
GS-South  GS-25 Raghwa Centre 32.6
GS-South  GS-25 Raghwa Centre 6.5
GS-South  GS-26 Rahiya Centre 11.3
GS-South  GS-26 Rahiya Centre 8
GS-South  GS-26 Rahiya Centre 25
GS-South  GS-26 Rahiya Centre 14.6
GS-South  GS-26 Rahiya Centre 16.1
GS-South  GS-26 Rahiya Centre 6.6
GS-South  GS-26 Rahiya Centre 15
GS-South  GS-26 Rahiya Centre 495
GS-South  GS-26 Rahiya Centre 115
GS-South  GS-26 Rahiya Centre 19.7
GS-South  GS-26 Rahiya Centre 20.9
GS-South  GS-26 Rahiya Centre 16.4
GS-South  GS-27 Fawaris Centre 1.7
GS-South  GS-27 Fawaris Centre 13.7
GS-South  GS-27 Fawaris Centre 16.3
GS-South  GS-27 Fawaris Centre 3.3
GS-South  GS-27 Fawaris Centre 45
GS-South  GS-27 Fawaris Centre 11.2
GS-South  GS-27 Fawaris Centre 4.4
GS-South  GS-27 Fawaris Centre 14.8
GS-South  GS-27 Fawaris Centre 8.4
GS-South  GS-27 Fawaris Centre 24.4
GS-South  GS-27 Fawaris Centre 37.1
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-South  GS-28 Grenees Centre 3.3
GS-South  GS-28 Grenees Centre 8.7
GS-South  GS-28 Grenees Centre 5.2
GS-South  GS-28 Grenees Centre 1.1
GS-South  GS-28 Grenees Centre 14.9
GS-South  GS-28 Grenees Centre 19.9
GS-South  GS-28 Grenees Centre 25
GS-South  GS-28 Grenees Centre 19.6
GS-South  GS-28 Grenees Centre 17.2
GS-South  GS-28 Grenees Centre 12
GS-South  GS-28 Grenees Centre 11.2
GS-South  GS-28 Grenees Centre 9
GS-South  GS-29 Radeefa Centre 10.3
GS-South  GS-29 Radeefa Centre 9
GS-South  GS-29 Radeefa Centre 17.5
GS-South  GS-29 Radeefa Centre 19.7
GS-South  GS-29 Radeefa Centre 9
GS-South  GS-29 Radeefa Centre 9.1
GS-South  GS-29 Radeefa Centre 23.3
GS-South  GS-29 Radeefa Centre 10.9
GS-South  GS-29 Radeefa Centre 24.3
GS-South  GS-29 Radeefa Centre 10.2
GS-South  GS-29 Radeefa Centre 31.2
GS-South  GS-29 Radeefa Centre 47.8
GS-South  GS-33 Sabah Al-Ahmed City 4.1
GS-South  GS-33 Sabah Al-Ahmed City 14.5
GS-South  GS-33 Sabah Al-Ahmed City 6.5
GS-South  GS-33 Sabah Al-Ahmed City 7.7
GS-South  GS-33 Sabah Al-Ahmed City 15.9
GS-South  GS-33 Sabah Al-Ahmed City 5
GS-South  GS-33 Sabah Al-Ahmed City 3.4
GS-South  GS-33 Sabah Al-Ahmed City 7.8
GS-South  GS-33 Sabah Al-Ahmed City 19.7
GS-South  GS-33 Sabah Al-Ahmed City 14.8
GS-South  GS-33 Sabah Al-Ahmed City 45.7
GS-South  GS-33 Sabah Al-Ahmed City 7.4
GS-South  GS-33 Sabah Al-Ahmed City 9.1
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-South  GS-34 Al-Wafra Farms 15
GS-South  GS-34 Al-Wafra Farms 45
GS-South  GS-34 Al-Wafra Farms 6.2
GS-South  GS-34 Al-Wafra Farms 16.1
GS-South  GS-34 Al-Wafra Farms 11.6
GS-South  GS-34 Al-Wafra Farms 12.9
GS-South  GS-34 Al-Wafra Farms 12.1
GS-South  GS-34 Al-Wafra Farms 9.2
GS-South  GS-34 Al-Wafra Farms 37.7
GS-South  GS-34 Al-Wafra Farms 13.8
GS-South  GS-34 Al-Wafra Farms 32.1
GS-South  GS-34 Al-Wafra Farms 26
GS-South  GS-34 Al-Wafra Farms 37.6
GS-South  GS-35 Al-Wafra Centre 20.3
GS-South  GS-35 Al-Wafra Centre 7.4
GS-South  GS-35 Al-Wafra Centre 13.9
GS-South  GS-35 Al-Wafra Centre 8.3
GS-South  GS-35 Al-Wafra Centre 13.7
GS-South  GS-35 Al-Wafra Centre 12.6
GS-South  GS-35 Al-Wafra Centre 7.9
GS-South  GS-35 Al-Wafra Centre 25.6
GS-South  GS-35 Al-Wafra Centre 13.2
GS-South  GS-35 Al-Wafra Centre 22
GS-South  GS-35 Al-Wafra Centre 13.6
GS-South  GS-35 Al-Wafra Centre 20.8
GS-South  GS-35 Al-Wafra Centre 6.8
GS-South  GS-36 Ras Al-Zor 26.9
GS-South  GS-36 Ras Al-Zor 11.6
GS-South  GS-36 Ras Al-Zor 21
GS-South  GS-36 Ras Al-Zor 27.8
GS-South  GS-36 Ras Al-Zor 33.1
GS-South  GS-36 Ras Al-Zor 18.4
GS-South  GS-36 Ras Al-Zor 37.1
GS-South  GS-36 Ras Al-Zor 30.1
GS-South  GS-36 Ras Al-Zor 251
GS-South  GS-36 Ras Al-Zor 31.6
GS-South  GS-36 Ras Al-Zor 28.1
GS-South  GS-36 Ras Al-Zor 21.3
GS-South  GS-36 Ras Al-Zor 435
GS-South  GS-36 Ras Al-Zor 10.3
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-South  GS-37 Al-Dhebaaea 10.9
GS-South  GS-37 Al-Dhebaaea 9.2
GS-South  GS-37 Al-Dhebaaea 14.9
GS-South  GS-37 Al-Dhebaaea 5.4
GS-South  GS-37 Al-Dhebaaea 28.3
GS-South  GS-37 Al-Dhebaaea 28
GS-South  GS-37 Al-Dhebaaea 15.7
GS-South  GS-37 Al-Dhebaaea 16.9
GS-South  GS-37 Al-Dhebaaea 115
GS-South  GS-37 Al-Dhebaaea 25
GS-South  GS-37 Al-Dhebaaea 12.8
GS-South  GS-37 Al-Dhebaaea 4.7
GS-South  GS-37 Al-Dhebaaea 15.7
GS-West GS-12 Al-Abraqg Center 17.5
GS-West GS-12 Al-Abraqg Center 68.5
GS-West GS-12 Al-Abraqg Center 11.9
GS-West GS-12 Al-Abraqg Center 4.4
GS-West GS-12 Al-Abraqg Center 6.1
GS-West GS-12 Al-Abraqg Center 71
GS-West GS-13 Al-Shagaya Center 18.2
GS-West GS-13 Al-Shagaya Center 17
GS-West GS-13 Al-Shagaya Center 98
GS-West GS-13 Al-Shagaya Center 5.9
GS-West GS-13 Al-Shagaya Center 7
GS-West GS-13 Al-Shagaya Center 16.9
GS-West GS-14 Al-Shaheed Jerman Center 10.7
GS-West GS-14 Al-Shaheed Jerman Center 39.5
GS-West GS-14 Al-Shaheed Jerman Center 17.8
GS-West GS-14 Al-Shaheed Jerman Center 12.6
GS-West GS-14 Al-Shaheed Jerman Center 95
GS-West GS-14 Al-Shaheed Jerman Center 229
GS-West GS-14 Al-Shaheed Jerman Center 17.5
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/9)

GS-West  GS-15 Shagaya 48.7
GS-West  GS-15 Shagaya 31
GS-West  GS-15 Shagaya 7.1
GS-West  GS-15 Shagaya 3.8
GS-West  GS-15 Shagaya 10.2
GS-West  GS-15 Shagaya 11.7
GS-West GS-15 Shagaya 21.5
GS-West  GS-15 Shagaya 12.9
GS-West  GS-15 Shagaya 9.9
GS-West  GS-15 Shagaya 21.8
GS-West  GS-15 Shagaya 1.6
GS-West GS-15 Shagaya 7.9
GS-West  GS-15 Shagaya 12
GS-West  GS-15 Shagaya 8.9
GS-West  GS-15 Shagaya 38.8
GS-West GS-15 Shagaya 34.4
GS-West  GS-15 Shagaya 5.6
GS-West  GS-15 Shagaya 10.9
GS-West  GS-15 Shagaya 17.2
GS-West GS-15 Shagaya 2.9
GS-West  GS-15 Shagaya 6.9
GS-West  GS-16 Shagaya 15.8
GS-West  GS-16 Shagaya 22.8
GS-West  GS-16 Shagaya 12
GS-West  GS-16 Shagaya 23.6
GS-West GS-16 Shagaya 11.6
GS-West  GS-16 Shagaya 7.4
GS-West  GS-16 Shagaya 8.5
GS-West  GS-16 Shagaya 16
GS-West  GS-16 Shagaya 13.2
GS-West  GS-16 Shagaya 10.9
GS-West  GS-16 Shagaya 17
GS-West  GS-16 Shagaya 11
GS-West GS-16 Shagaya 14.5
GS-West  GS-16 Shagaya 62
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/9)

GS-West  GS-16 Shagaya 11.5
GS-West  GS-16 Shagaya 15.3
GS-West  GS-16 Shagaya 21.6
GS-West  GS-16 Shagaya 19.1
GS-West  GS-16 Shagaya 30.3
GS-West  GS-16 Shagaya 12.5
GS-West GS-16 Shagaya 11.8
GS-West  GS-17 Shagaya 12.9
GS-West  GS-17 Shagaya 7.3
GS-West GS-17 Shagaya 4.2
GS-West  GS-17 Shagaya 2.5
GS-West GS-17 Shagaya 0.8
GS-West GS-17 Shagaya 10.6
GS-West  GS-17 Shagaya 10.6
GS-West GS-17 Shagaya 18.6
GS-West  GS-17 Shagaya 14.5
GS-West  GS-17 Shagaya 9.5
GS-West GS-17 Shagaya 17.4
GS-West  GS-17 Shagaya 13.5
GS-West GS-17 Shagaya 11.4
GS-West GS-17 Shagaya 8.7
GS-West  GS-17 Shagaya 24.8
GS-West GS-17 Shagaya 49.4
GS-West  GS-17 Shagaya 9.1
GS-West  GS-17 Shagaya 10.7
GS-West GS-17 Shagaya 5.7
GS-West  GS-17 Shagaya 12
GS-West  GS-18 Shagaya 15.2
GS-West GS-18 Shagaya 34
GS-West  GS-18 Shagaya 8.8
GS-West GS-18 Shagaya 8.4
GS-West  GS-18 Shagaya 10.1
GS-West  GS-18 Shagaya 30.5
GS-West  GS-18 Shagaya 3.8
GS-West  GS-18 Shagaya 7.9
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/9)

GS-West  GS-18 Shagaya 19.3
GS-West  GS-18 Shagaya 12.5
GS-West GS-18 Shagaya 24.9
GS-West GS-18 Shagaya 46.6
GS-West GS-18 Shagaya 34.5
GS-West  GS-18 Shagaya 13.1
GS-West GS-18 Shagaya 26.4
GS-West  GS-18 Shagaya 48.4
GS-West  GS-18 Shagaya 36.9
GS-West  GS-18 Shagaya 25.4
GS-West  GS-18 Shagaya 7.4
GS-West  GS-18 Shagaya 11.3
GS-West  GS-19 Shagaya 20.7
GS-West  GS-19 Shagaya 2.7
GS-West  GS-19 Shagaya 9
GS-West  GS-19 Shagaya 22.6
GS-West GS-19 Shagaya 4.4
GS-West GS-19 Shagaya 4.8
GS-West  GS-19 Shagaya 21.7
GS-West  GS-19 Shagaya 12.6
GS-West GS-19 Shagaya 12.6
GS-West  GS-19 Shagaya 18.6
GS-West GS-19 Shagaya 12.1
GS-West  GS-19 Shagaya 24
GS-West  GS-19 Shagaya 2.7
GS-West GS-19 Shagaya 11.5
GS-West  GS-19 Shagaya 11.7
GS-West  GS-19 Shagaya 45
GS-West GS-19 Shagaya 34.7
GS-West  GS-19 Shagaya 17.7
GS-West  GS-19 Shagaya 61
GS-West  GS-19 Shagaya 7.6
GS-West  GS-19 Shagaya 15.6
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Table 68. (Cont’d.)

Maximum
Clusters Location Area Concentration
(ng/g)

GS-West GS-30 Khabrat Shayea Centre 15.4
GS-West GS-30 Khabrat Shayea Centre 18.4
GS-West  GS-30 Khabrat Shayea Centre 8.7
GS-West GS-30 Khabrat Shayea Centre 10.4
GS-West GS-30 Khabrat Shayea Centre 7.7
GS-West  GS-30 Khabrat Shayea Centre 15
GS-West GS-30 Khabrat Shayea Centre 61.8
GS-West  GS-30 Khabrat Shayea Centre 75
GS-West  GS-30 Khabrat Shayea Centre 10.7
GS-West GS-30 Khabrat Shayea Centre 20.9
GS-West  GS-30 Khabrat Shayea Centre 2
GS-West GS-30 Khabrat Shayea Centre 14.6
GS-West GS-30 Khabrat Shayea Centre 45
GS-West GS-31 Golmat Ali Centre 59
GS-West GS-31 Golmat Ali Centre 12.2
GS-West GS-31 Golmat Ali Centre 35.2
GS-West GS-31 Golmat Ali Centre 16.5
GS-West GS-31 Golmat Ali Centre 23.1
GS-West GS-31 Golmat Ali Centre 13
GS-West GS-31 Golmat Ali Centre 7.7
GS-West GS-31 Golmat Ali Centre 22.3
GS-West GS-31 Golmat Ali Centre 20.1
GS-West GS-31 Golmat Ali Centre 21
GS-West GS-31 Golmat Ali Centre 3.4
GS-West GS-31 Golmat Ali Centre 17
GS-West  GS-32 Nimriteen Centre (west) 12.3
GS-West GS-32 Nimriteen Centre (west) 8.4
GS-West  GS-32 Nimriteen Centre (west) 8.3
GS-West  GS-32 Nimriteen Centre (west) 23
GS-West  GS-32 Nimriteen Centre (west) 16
GS-West  GS-32 Nimriteen Centre (west) 6.5
GS-West  GS-32 Nimriteen Centre (west) 11
GS-West  GS-32 Nimriteen Centre (west) 7.2
GS-West  GS-32 Nimriteen Centre (west) 13.3
GS-West  GS-32 Nimriteen Centre (west) 4
GS-West  GS-32 Nimriteen Centre (west) 15.4
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In this study, over 1000 ground soil/sand samples were collected from various
locations from the entire State of Kuwait, mainly covering KOC petroleum upstream sites,
KNPC petroleum downstream sites, landfills, and the entire official borders of Kuwait. All
available dust samples were analyzed for mercury contents for accurate quantification
using the cold vapor technique applying the pyrolytic extension of Zeeman RA915+
analyzer. This section describes the details of the total mercury levels measured from dust
in the air deposited at different locations identifying the respective sources, also revealing
the influence of yearly variations on mercury levels in the ground soil/sand in the State of
Kuwait.

Over a 1000 samples of sand collected for the entire period were analyzed and
mercury concentrations were determined. Cluster analysis was completed to identify major
sources and their influence on the mercury levels in the ground soil/sand. There were seven
clusters clearly marked where mercury concentrations were significant based on the
average value of the maximums taken from the repeated samples that were analyzed in
quadruplet way. Table 68 shows the Hg measurements from the pyrolytic extension of
Zeeman RA915+ analyzer, which are above the detection limit (i.e., 0.5 ng/g).

Table 69 and Fig. 75 indicate that the highest average concentration of mercury was
measured at KOC cluster (booster station and sludge treatment facilities) followed by the
western oil fields as was the case of dust collectors reflecting flaring activity. Landfill sites
have a significant level of mercury re-emission from scraped mercury appliances, batteries,

tube lights, mercury bulbs, etc.

Table 69. Average Mercury Concentrations (ng/g) of Different Clusters in Kuwait

Average Hg Concentration

Clusters (ng/g)
GS-City 12.2
GS-KNPC 12.6
GS-KOC 21.1
GS-Landfill 15.5
GS-North 13.9
GS-South 15.5
GS-West 16.1
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Yearly variation of mercury levels in ground soil/sand is described in Table 70 and

Fig. 76. Average mercury levels in 2017 were the highest, and the highest mercury levels

were observed at western oil fields (Magwa, Minagish, and Um-Qadir) cluster, followed

by the northern oil fields, due to the flaring activities from western and southern Iraqi oil

fields or northern Kuwaiti oil fields (Fig. 76).

Table 70. Average Mercury Concentrations (ng/g) in Ground Soil/Sand of Different
Clusters in Kuwait

Average Hg Concentration

Year Clusters
(ng/g)
2017 Annual Average 17.1
GS-KNPC 12.6
GS-North 16.0
GS-West 22.2
2018 Annual Average 13.7
GS-City 12.1
GS-Landfill 15.5
GS-North 13.1
GS-South 13.6
GS-West 14.2
2019 Annual Average 16.8
GS-City 12.4
GS-KOC 21.1
GS-North 13.6
GS-South 18.7
GS-West 17.6
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Fig. 76. Yearly mercury levels (ng g** or ppb) in ground soil/sand samples in different
locations in Kuwait from 2017 to 2019.

The average mercury level in the ground soil/sand in 2018 decreased from the
previous year’s value (of 2017) due to very high precipitation washing all deposition to the
Arabian Gulf. The highest value of mercury in the ground dust/sand was measured from
the landfill cluster, as it mainly contains lots of waste products having mercury
contaminations. The second highest was measured from western oil fields (Managesh,
Magwa, and Um-Qadir) cluster contributing to the buildup of mercury through flaring
operations. In 2019, there was a substantial increase in the average value compared to
2018, which was similar to the value of 2017. The highest mercury concentration was
measured from the KOC cluster, mainly from oil spills (disposal pit) and sludge treatment
facility. KISR’s team had limited access to upstream petroleum activities. KOC’s safety,
health, and environment department arranged a visit to the booster station and the oil
recovery facility from which sludge and ground soil/sand were sampled, to quantify

mercury levels in that specific area.
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The second highest value was measured from the southern oil fields’ “Joint
Operation” cluster, mainly from Wafra area. Petroleum downstream KNPC cluster
(refining and usage) had a large-scale activity with gaseous or oil fugitive emission
handled by flaring, resulting in combustion products containing mercury as a major
pollutant. Therefore, whereever there was combustion of fossil fuel liquid or gas, this was
associated with mercury emissions. The emissions due to petroleum downstream were
substantially lower than all other clusters and were not noticed in the comparative
emissions of 2018 and 2019.

Conclusion

The cluster analysis of mercury levels in the ground contaminated soil/sand
showed seven major probable sources: petroleum upstream activities in the north, south,
and west contributing to the mercury pollution through the flaring of gas, oil, oil-water
emulsion, and sludge containing oil, water, and sand; landfill sites; KOC; KNPC petroleum
downstream sites; and urban societal emissions. The highest average mercury level was
observed in 2017 comprising western oil field production followed by northern oil field
production and petroleum downstream at KNPC. In 2018, the average mercury levels
decreased, consisting of the contribution from landfill sites and petroleum upstream from
northern, southern, and western oil fields. In 2019, the average mercury levels increased
from 2018 and reached almost the same levels of 2017, consisting of KOC where the site
of sampling was limited, and only covered booster station and oil recovery facility from

sludge followed by petroleum upstream from southern, western, and northern oil fields.
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Section 10 - Measurments of Elemental Mercury (Hg®) in Air Using Portable Atomic
Absorption Spectrometer (Zeeman RA915+)

Direct reading mercury analyzer (i.e., Zeeman RA 915+ mercury portable atomic
absorption spectrometer), which belongs to KISR and was reserved for this research study,
was used to measure the mercury levels instantaneously for selected sites (Plate 76). The
RA 915+ analyzer (base unit) is intended for measuring mercury vapor concentration in
ambient air. The analyzer can be used for the onstream measurement of the total mercury
concentration in the air, both in a stationary mode and in a continuous mode in vehicles
(car, helicopter, and boat to cover a wide area for the accurate assessment of mercury
levels). The RA 915+ analyzer is a part of a mercury analytical system, which enables the
determination of mercury content continuously in air samples with a minimum detection
limit of < 2 ng/m®.

Two continuous mercury monitoring analyzers were supposed to be used in this
research study, but unfortunately, only one was used due to some difficulties, which are

mentioned subsequently, under the limitations section.

Plate 76. Zeeman RA-915 mercury portable atomic absorption spectrometer.
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Measurement of Elemental Mercury (Hg®) in Air around the Oil Sector Complex and
KISR Areas

The most probable source of mercury in ambient air, as identified by Khan et al.
(2008), was confirmed in the present measurements. In summer months, energy demand
reached new heights. To fulfill the ever increasing demand, the Ministry of Water and
Electricity operated all of the power stations at full load using all available fuels, including
the crude oil. In July and August, the pollutant concentrations increased reflecting the
quality and quantity of fuel consumed. The Doha Power Plant is located in the northwest of
the Oil Sector Complex (OSC), and the predominant wind blew most of the times from this
direction transporting these pollutants to the OSC. In April 2016, the Oil Sector Workers’
Union announced an industrial action, which had compelled power stations to be operated
on crude oil emitting high concentrations of the pollutants associated with crude oil.
Mercury levels were measured around the OSC and are displayed in Figs. 77 to 79. To
ascertain the source, mercury levels around KISR were measured during this period when
the oil sector workers took an industrial action (Fig. 80). These values were instantaneous,
displayed every 10 s, and correspondingly, one minute average values were registered.
Mercury levels around the OSC were measured using Zeeman RA 915+ at different
locations to identify any probable local source other than the distant source, i.e., the Doha
Power Plant. Mercury levels were also measured around the OSC in July and September

2016, using Zeeman RA 915+, and the values are shown in Figs. 81 and 82.
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The highest concentration of mercury in April 2016 was measured in the ambient air
(826.5 ng m™®) near the Shuwaikh Power and Desalination Plant (SPDP), which must be near the
touchdown position of the Doha Power Station plume located about 200 m to the left side of the
OSC. The variations in the instantaneous mercury levels (minute average) at different locations
were due to difference in the amount of crude oil used as fuel, physical obstruction and air
circulation, wind speed, and wind direction. Fig. 83 shows the variation of mercury levels in
April at the left side of the OSC, and all measured values are tabulated in Table 71.

On the right side of the OSC, the highest concentration of mercury in April 2016 was
measured in the ambient air (589.5 ng m™) at Position I, in the middle of the recreation park. The
variations in mercury levels were due to the reason previously discussed and are presented in
Fig. 84 and Table 72.

Hg = 826.5 ng m3
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SPDP: Shuwaikh Power and Desalination Plant; MAPL: Mobile air pollution laboratory

Fig. 83. Mercury levels around the OSC in April 2016.
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Table 71. Mercury Levels at Random Locations around the OSC

Hg Levels (ng m?)

No. Location April July September
2016 2016 2016
1. Ramp 1 549.3 - 11.0
2. 50 m from Ramp 1 245.5 - 11.0
3. Ramp 2 (at the sea end) - 238.0 -
4. Ramp 2 (middle of the ramp) - 100.0 -
5. Seaside entrance (near SPDP) - 70.0 -
6. Seaside entrance (glass door) - 36.6 -
7. 50 m towards the entrance 186.5 - 19.0
8. Mobile laboratory (50 m away) - 1 - 167.0 -
9. Mobile laboratory (50 m away) - 2 - 147.0 -
10.  Mobile laboratory (25 m away) - 94.0 -
11.  Mobile laboratory (5 m away) - 40.0 -
12. Mobile laboratory (door) - 10.0 -
13.  Near SPDP (after MAPL) 278.0 - 35.5
14.  SPDP (point 1) 531.0 - 55
15.  SPDP (point 2) 463.0 - 4.0
16.  SPDP (point 3) 826.5 - 315
17.  SPDP (point 4) 769.5 - 34.5
18.  Car park pt. 1 (near SPDP) 77.0 16.0 9.5
19  Car park pt. 2 (near SPDP) 116.5 -
20.  Cooling tower 318.0 - 30.0
21. Gate 3 316.5 - 11.5
22.  Store building 131.5 -
23. Gate 2 217.0 - 12.5
24.  Pool window (reception glass 1) - 33.0 -
25.  Pool window (reception glass 2) - 21.0 -
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Table 71. (Cont’d.)

Hg Levels (ng m3)

No. Location April July Sept
2016 2016 2016
26.  VIP entrance (in front of the fountain) - 119.0 -
27.  VIP entrance (fountain stairs) - 114.0 -
28.  Cafeteria (side road door) - 42.0 -
29.  Parking 1 (outer) 194.5 - -
30.  Parking 1 (inner) 30.5 - -
31.  Parking 2 (outer) 151.0 - -
32.  Parking 2 (inner) 32.5 - -
33.  Parking 3 (outer) 122.0 - -
34.  Parking 3 (inner) 59.0 - -
35.  Parking 4 (outer) 124.5 - -
36.  Parking 4 (inside) 97.5 - -

SPDP: Shuwaikh Power and Desalination Plant; MAPL: Mobile air pollution laboratory; OSC: Oil sector complex
Level : high Hg levels
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Fig. 84. Mercury levels at the right side of the OSC in April 2016.
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Table 72. Mercury Measurements Taken at Random Locations at the Recreational Area
Outside the Oil Sector Complex using Zeeman (19 April 2016) (Fig. 79)

No. Location Hg Levels
(ng m?)
A Seafront 1 — KPC Fence 519.0
B. Seafront 2 — KPC Fence 465.5
C. Seafront 3 — KPC Fence 439.5
D. Seafront 4 449.5
E. Seafront 5 419.0
F. Seafront 6 427.5
G. Seafront 7 559.5
H. Seafront 8 5775
l. Seafront 9 589.5
J. Seafront 10 (center of the recreational park) 79.5
K. Seafront 11 (near the far end of the parking) 256.0
L. Seafront 12 (near the parking) 499.0
M.  Seafront 13 (near the parking) 539.5
N. Seafront 14 (away from the parking) 225.0

KPC: Kuwait Petroleum Corporation
Level : High Hg levels
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Mercury levels in the ambient air were measured near KISR to make sure that the only
distant source was the Doha Power Plant. The highest concentration of mercury in April 2016
was measured near KISR, which was about 469 ng m3, at Location J, near KISR’s

“woly Aeme W ()G ) poqeas
“'WoIy Aeme W ()()]) POqeds

"oy} WOIJ AeME W ()G) PAqeaS
(peou ay1 Jeau) paqgess

"*JO JUOJ UI) 2I0YS S YST

" MU A} Hﬁ@ﬁv QIOYS SASI

" MU ) Jeau) AI0YS S, S
(gnyo Je190s Jesu) 810yS S,HSIM
(gn)9 e190s Jeau) a10ys S,4SIM
(gn)9 1e190s Jeau) 810ys S,.4SIM
(Buned ayy Jeau) aioys S,4SIM
(Bunjed ayy Jeau) aioys S,4SIM

D
£ (Buned ayy Jeau) aioys S,4SIM
(@]
m\ m (Bunjed sy Jeau) aioys S,4SIM
©
3 (Buned ayy Jeau) aioys S,4SIM
[@))
I

(Bunred ayy Jeau) a10ys SHSIM
" MU ) Teau) AI0YS S, ST
"* MU A} TedU) 2I0YS SIS
** MU A JeaU) 2I0YS SST

"* QU O} JBaU) 210YS SUSI

1000
00

(e-w Bu) sjans] bH

meteorological station at the shore. The measured values near KISR are presented in Fig. 85 and

listed in Table 73.
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Fig. 85. Mercury levels outside KISR in April 2016.



Table 73. Mercury Levels at Random Points along the Shoreline of KISR on 27 April 2016

No. Location Hg Levels
(ng m?)
A KISR’s shore (near the new building) 325.0
B. KISR’s shore (near the new building) 246.0
C. KISR’s shore (near the new building) 188.5
D. KISR’s shore (near the new building) 270.5
E. KISR’s shore (near the parking) 210.0
F. KISR’s shore (near the parking) 241.0
G. KISR’s shore (near the parking) 469.0
H. KISR’s shore (near the parking) 401.0
I KISR’s shore (near the parking) 453.0
J. KISR’s shore (near the parking) 297.0
K. KISR’s shore (near the social club) 296.0
L. KISR’s shore (near the social club) 338.5
M. KISR’s shore (near the social club) 272.0
N. KISR’s shore (near the new water resources building) 399.0
0. KISR’s shore (near the new water resources building) 390.0
P. KISR’s shore (in front of building 45) 284.0
i.. Seabed (near the road) 246.0
ii. Seabed (50 m away from the road) 241.0
iii.  Seabed (100 m away from the road) 253.5
iv. Seabed (150 m away from the road) 239.0

KISR: Kuwait Institute for Scientific Research
Level : High Hg levels
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The highest concentration of mercury was measured in July 2016 in the ambient air (238
ng m=) at the Ramp |1, near the back glass door entrance of the OSC. The variations in mercury
levels were due to the amount of crude oil used in the power station, wind speed and wind
direction, and motion of air in the wake of the building, and they are presented in Fig. 86 and
tabulated in Table 71.
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Fig. 86. Mercury levels around the OSC in July 2016.

The measurement exercise was repeated in September 2016 to observe the influence of
weather change and, indirectly, the power load. Natural gas was commonly used as the fuel of
choice. The highest concentration of mercury was measured in September 2016 in the ambient
air, which was 35.5 ng m=, near the SPDP toward the left side of the OSC. The variation in
mercury levels was minimal and is presented in Fig. 87 and Table 71. For the continuous
monitoring of mercury levels in the ambient air, Zeeman RA 915+ was operated via the

computer mode.
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Fig. 87. Mercury levels around the OSC in September 2016.

The original software had a problem of recording mercury levels using the built-in
default value of one second interval. This option provided the continuous operation of Zeeman
for eight hours only. The parent company was contacted, and a new software was secured to
monitor every 15-min interval covering a period of at least one week. This operation was
completed by the end of August and at the beginning of September. The continuously monitored
mercury data from Zeeman placed in the Air Pollution Laboratory (APL) was recorded. Fig. 88

presents the daily mean concentration and hourly maximum reaching the specified time.
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The results of the mercury concentrations measured from April to September 2016
are obvious and significantly relative to the surroundings and seasons.

In April 2016, as a consequence of the Oil Sector Workers Union’s industrial
action, power stations operated on crude oil emitting high concentrations of the pollutants
associated with crude oil. This resulted in the high levels of mercury near the SPDP,
which must be near the touchdown position of the Doha Power Station plume. During the
summer, it was significantly high due to the amount of crude oil used in the power station,
wind speed, and wind direction. The mercury levels dropped in September due to weather

change, and indirectly the power load and clean fuel (NG) also decreased.

Elemental Mercury (Hg? in Air over the Arabian Gulf Participating in AQABA

Mission

AQABA Mission. The Middle East is a populous region with a hot, arid
climate. Heat extremes, scarcity of precipitation, atmospheric dust, and
photochemical air pollution combine into a major public health hazard.
Environmental research in the region is needed to address these issues, but
observational data, especially of atmospheric composition, are scarce. AQABA is
aimed at performing pioneering field measurements across the Arabian Basin in
summer, using a comprehensively instrumented research vessel to simultaneously
characterize atmospheric chemistry and aerosol processes. The project, with
international participation, was coordinated by the Max Planck Institute for
Chemistry in Germany (www.mpic.de).

Sailing from Malta to Kuwait around the Arabian Peninsula (Plate 77),
AQABA encountered a unique environmental "spectrum”, ranging from pristine
conditions over the Arabian Sea, unpolluted but dusty air from Africa over the Red
Sea, via moderately polluted conditions over the Mediterranean, downwind urban
areas (e.g., Cairo) and the Middle East, ship exhausts in the Suez Canal, to
petrochemical emissions in the Arabian Gulf area. The annual maximum of
atmospheric desert dust in this region occurred in summer, when photochemistry was
intense. Taken together, this created a "natural laboratory” to study multiphase
interactions of gaseous and particulate pollutants with crustal and sea salt aerosols.

The measurements, complemented by model calculations, helped to determine
297



the intricate effects of natural and anthropogenic emissions on the atmosphere in the
Middle East. AQABA investigated the processes that determine the life cycle of
natural and anthropogenic aerosols and oxidants, and investigated their role in air

quality and public health,as well as impacts on clouds, climate, and biogeochemical

cycles.

Plate 77. Vessel Kommandor lona (AQAA mission) that was used to perform
mercury (Hg) measurements over the Arabian Gulf.

KISR’s Goal. The main objective of the mission was to measure mercury
concentrations in the air across the Arabian Gulf. The second objective of the mission was
to learn about all of the different air pollution monitoring equipment used in the ship and
their methods of operation. KISR’s delegate visited the ship and was told about the operation of
all the aerosol and hazardous pollutants’ instruments on board. KISR’s employee was allowed to
board the ship to complete mercury measurement over a section of the Arabian Gulf neighboring
Kuwait and to learn about the operation of all air pollution monitoring equipment on the ship.
The mission began on 2 August, in Kuwait, and ended on 6 August at Fujairah, UAE.
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System Design. The instrument used by KISR is the Zeeman RA 915+ mercury
analyzer from Lumex Instruments (Plate 78). This instrument is an atomic absorption
spectrometer, which uses the effect of the resonance radiation absorption by the mercury
atoms to detect mercury concentrations. The instrument employs the Zeeman effect for non-
selective absorption by correcting for inaccuracies from interfering factors such as dust,
aerosols, absorbing gases, and vapors.

Plate 78. Zeeman RA-915+ mercury portable atomic absorption spectrometer used
for mercury measurements in dust and ambient air.

The Zeeman instrument has an ultralow detection limit because of the multipath cell
with an effective optical length of 10 m. This provides the highest measurement sensitivity.
The instrument uses a pump with a flow rate of 20 I/min when used to directly measure
mercury concentrations in ambient air. The instrument connects through an RS232 port to a
laptop to receive operational commands and to display the current data readings,

graphically.

On the AQABA ship, the instrument was fitted on the top of a rack in an air
conditioned container and was fully strapped down to ensure the stability (no movement) of
the instrument (Plate 79).
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Plate 79. Zeeman instrument mounted on container rack.

The humidity over the Arabian Gulf was extremely high during that time of year,
and because the temperature inside the container was lower than that outside the container, a
water catcher/humidity trap had to be used to trap water from condensation in order not to
damage the instrument. The water trap (Plate 80) was connected in between the original

hose of the instrument and the inlet pipeline, which accesses the outside air from all

directions.
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Plate 80. Water trap used to trap condensation formed due to humidity over the
Arabian Gulf.

A custom-made fitting was erected to match the size of the original hose opening of
the instrument's pump and to allow it to securely fit the trap's opening (Plates 81 and 82).

Plate 81. Custom fitting attached to the water filter.
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Plate 82. Custom fitting used to attach the water filter to the instrument hose.

After the water trap was connected in between the instrument's pump and the
container's outlet, the instrument was operational. The instrument accessed air from the

inlet outside and on the top of the container from all directions (Plate 83).

Plate 83. Inlet opening on top of the container.

The Zeeman RA 915+ was operated by a laptop using the Lumex RAPID software

from the other corner of the container. As the original RS232 to USB cable was short in
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length to reach the laptop, an extended RS232 to USB cable was prepared and used (Plate
84). Also, the laptop's time and date settings were synchronized to the ship's GPS system,

in order to record the data readings accurately representing the current time and location of

the readings.

Plate 84. Laptop used to configure, control, and store data from the instrument.

Upon continuous operation of the instrument that displayed the mercury
concentrations, water droplets were formed and got collected in the water trap (Plate 85).

The glass of the trap had to be unscrewed, emptied, and then screwed back on, once a day.

Plate 85. Water collected from water trap.
Findings of the Mission. Measurements began at 9:27 AM on 4 August and ended
at 12:30 PM on 6 August. Measurements were taken in twelve-hour increments.

Measurements included vessel speed, relative humidity, temperature, true wind speed, true
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wind direction, and mercury concentrations in ambient air samples. The concentrations
were measured in the form of monograms per cubic meter. Readings were taken in ten-
second increments, with a one-minute long baseline correction adjustment every five
minutes. After the raw data were recorded, they were then processed to filter out negative
values that correlated to mercury traces lower than the detection limit. The data were
presented in two forms, raw data and hourly averages.

The track of the ship’s movement can be seen in Plate 86. The red line indicates the
start of the measurement. The beginning of the black line correlates to 5:30 pm on 2
August. The beginning of the red line correlates to 9:27 am on 4 August. The mercury

concentrations along with meteorological data can be seen from Figs. 89 to 107.

Plate 86. Track of the vessel plotted.
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Fig. 90. Mercury concentrations for the second 12 h (9:27 pm —-9:17am) on 4 and 5
August 2017.
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The following data contain the hourly average of the mercury concentrations along

with the hourly average of the meteorological data for 4 August 2017.
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Fig. 93. Hourly average mercury concentration for 4 August 2017.
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Fig. 94. Hourly average vessel (Kommandor lona) speed for 4 August 2017.
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Fig. 95. Hourly average wind speed on 4 August 2017.
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Fig. 96. Hourly average relative humidity on 4 August 2017.
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Fig. 97. Hourly average ambient temperature on 4 August 2017.
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The following data contain the hourly average of the mercury concentrations along

with the hourly average of the meteorological data for 5 August 2017.
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. 98. Hourly average mercury concentrations on 5 August 2017.
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Fig. 99. Hourly average vessel speed on 5 August 2017.
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Fig. 100. Hourly average vessel speed on 5 August 2017.
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Fig. 101. Hourly average relative humidity on 5 August 2017.
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Fig. 102. Hourly average ambient temperature on 5August 2017.
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The following data contain the hourly average of the mercury concentrations along
with the hourly average of the meteorological data for the last day of measuring (6 August
2017).
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Fig. 103. Hourly average mercury concentration on 6 August 2017.
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Fig. 104. Hourly average vessel speed on 6 August 2017.
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Fig. 105. Hourly average wind speed on 6 August 2017.
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Fig. 106. Hourly average relative humidity on 6 August 2017.
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Fig. 107. Hourly average ambient temperature on 6 August 2017.

There were no violations of international and local standards. The average reading

was found to be between 2 and 3 ng/m®. Some areas showed Hg levels at around 6.3

ng/m? detecting the presence of a source; while some areas had near zero concentration

values. A handful of negative values were recorded as a result of having mercury

concentrations below the detection limit. The negative values were filtered out and
312
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replaced with zeroes. Higher than average mercury concentrations occurred, when the
vessel passed near an oil rig and near a ship. This indicated that crude oil from the oil rigs
and burning diesel fuel for the ships might be a source of mercury emission. The data also
indicated that the air in the Gulf is much cleaner in terms of mercury concentrations than
the air on land, suggesting anthropogenic activities. Mashyanof et al. (2019) reported the
mercury concentration in air over Baikal, which was about an average value of 1.09 ng
m3 and was less than 1.6 ng m, obtained at onshore Listvyanka GMOS station during

the same days of cruise due to Baikal being a significant sink of atmospheric mercury.

Plate 87 shows the route taken with color intensity correlating to mercury

concentrations. Each point represents the average mercury concentration reading for one

hour. A trend can be noticed, i.e., the mercury readings were higher near land.

Concentration of Hg, ng/m3

| P )
I
) ---- ‘|
a 0.75 1.5 2.25 3.75

Plate 87. Plotted track with correlating mercury readings.

Conclusion of the Mission. In conclusion, the Zeeman RA 915+ mercury
monitoring instrument was installed in the AQABA ship and was used to measure mercury
concentrations across the Gulf. The concentrations were found to be very low across the
ship’s path to Fujairah, UAE, of the Gulf, with high levels occurring near oil rigs or nearby
passing ships.

Table 74 shows the hourly average meteorological data and hourly average
mercury concentrations in ambient air from 4 to 6 August 2017.
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Table 74. Hourly Meteorological Data and Hourly Mercury Concentrations in Ambient Air from 4 to 6 August 2017

t'/zlsjsg?/ HOT“err'%’p.A" :e?:t:e/e R'/?/:Jnrlly F\',f/:‘nréy Hour d[c)lartr(]em H(|3_|u_grly H(l)_l|Jgr|y H(|J_l|Jngy Hci)_llf_}rly
Speed °C) Humidity Speed Direction (hh:mm) YWyy) Mln3 Max3 Mear; Medlaan
(m/s) (%) (m/s) (ng/m°) (ng/m?®) (ng/m°®)  (ng/m°)
5.96 37.54 63.53 6.89 301.00 9.00 0408 2017  0.00 2.08 0.69 0.60
5.90 38.82 54.83 6.94 300.50 10.00 04082017 0.01 2.08 0.67 0.64
5.85 38.21 55.08 6.89 310.00 11.00 04082017 0.01 2.88 0.67 0.21
5.68 36.03 66.03 6.80 309.30 12.00 04082017 0.00 2.05 0.65 0.61
5.55 36.46 69.16 5.19 324.80 13.00 04082017 0.00 1.95 0.51 0.40
5.42 35.68 74.85 4.14 315.00 1400 04082017 0.17 1.79 0.71 0.74
5.20 35.16 78.74 4.69 302.40 15.00 04082017 0.00 2.22 0.64 0.44
5.05 34.94 80.85 5.32 282.10 16.00 04082017 0.06 4.92 1.61 1.28
5.03 35.02 81.34 5.83 286.50 17.00 04082017 0.01 3.48 1.45 1.25
5.21 34.79 84.60 5.96 294.90 18.00 04082017 0.18 3.57 1.76 1.86
5.20 34.45 87.67 4.81 335.60 19.00 04082017 0.02 4.63 1.55 1.28
5.29 34.04 90.47 4.92 336.60 20.00 04082017 0.03 4.89 1.32 1.22
5.22 33.92 88.50 4.20 341.40 21.00 04082017 0.02 3.04 1.50 1.44
5.11 33.77 89.74 3.78 323.80 22.00 04082017 0.00 3.15 0.98 0.82
5.24 34.22 81.40 3.73 293.70 23.00 04082017 0.01 3.76 1.29 1.22
5.42 34.68 74.10 2.93 276.90 0.00 04082017 0.20 3.92 1.77 1.70
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Table 74. (Cont’d.)

Hourl . Hourl Hourl H H H H
Vesse?/ qul_Jrly Alr Relati\ye Windy Hoyrly Hour Date Hougllfly Hou?rly Hougrly Hougrly
emp. - wind _ (dd mm ) .

Speed (°C) Humidity Speed Direction (hh:mm) yyy) Min Max Mean Median
(m/s) (%) (m/s) (ng/m3®)  (ng/m® (ng/m3)  (ng/m?3)
5.50 34.84 69.59 2.82 279.40 1.00 05082017 0.14 3.98 1.58 1.40
3.40 34.74 70.96 291 238.30 2.00 05082017 0.16 4.17 1.98 1.87
5.34 34.88 72.47 4.16 225.80 3.00 05082017 0.03 3.67 1.19 0.93
5.69 34.43 79.26 8.39 203.90 4.00 0508 2017 0.02 3.35 1.66 1.64
5.60 34.78 71.10 7.25 232.60 5.00 05082017 0.08 4.04 1.93 2.00
5.53 35.73 62.35 5.96 248.40 6.00 05082017 0.33 3.49 2.01 2.02
5.35 36.26 61.12 4.29 256.70 7.00 05082017 1.29 3.82 2.66 2.71
5.31 35.78 63.80 3.64 281.90 8.00 05082017 1.56 6.00 3.15 3.01
5.31 35.19 63.84 4.14 278.10 9.00 05082017 1.85 4.50 3.07 3.05
5.37 35.18 67.86 6.87 254.60 10.00 05082017 0.48 5.22 2.67 2.61
5.30 35.08 69.86 531 278.60 11.00 05082017 0.94 4.68 2.41 2.30
5.12 35.01 70.36 4.75 355.70 1200 05082017 0.12 5.39 2.49 2.46
5.26 34.85 71.89 3.00 356.10 13.00 05082017 1.30 4.69 3.01 2.98
5.25 33.92 78.51 2.31 354.70 1400 05082017 1.19 4.68 2.87 2.94
5.24 33.47 81.27 2.26 307.70 15.00 05082017 0.58 4.90 2.60 2.63
5.35 33.63 79.21 2.78 263.40 16.00 05082017 1.53 4.53 2.88 2.85
5.34 33.32 84.84 3.55 238.20 17.00 05082017 1.35 3.92 2.65 2.64
5.30 32.93 87.74 3.45 212.90 18.00 05082017 1.03 3.82 2.52 2.52
4.86 32.72 80.06 2.55 171.80 19.00 05082017 1.16 3.73 2.39 2.39
5.08 34.06 69.67 2.19 138.50 20.00 05082017 1.17 4.11 2.58 2.62
5.35 34.34 65.97 3.61 298.10 21.00 05082017 1.17 3.61 2.22 2.17
5.55 34.02 71.89 4.73 314.70 2200 05082017 1.18 4.09 2.54 2.54
5.60 33.80 75.08 2.58 306.20 23.00 05082017 0.05 3.77 2.36 2.32
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Table 74. (Cont’d.)

Vel ooy Lo vy, ome By
Speed °C) Humidity Speed Direction (hh:mm) YWyy) Mln3 Max3 Mear; Median
(m/s) (%) (m/s) (ng/m3)  (ng/m°)  (ng/m°)

5.52 33.54 77.31 2.28 309.50 0.00 06 08 2017  1.48 4.05 2.49 2.44
5.33 33.33 79.49 2.43 350.00 1.00 06 08 2017  1.38 4.77 3.04 3.07
5.14 33.77 76.42 2.25 7.70 2.00 06 08 2017  0.45 5.34 3.05 3.09
5.16 34.11 75.85 3.36 114.10 3.00 06 08 2017  1.87 3.89 2.98 3.01
5.15 33.49 78.95 3.78 131.40 4.00 06 082017 1.74 3.87 2.84 2.83
5.10 33.47 75.08 3.81 130.00 5.00 06 08 2017  1.83 4.03 3.02 3.06
4.61 34.41 63.42 2.92 141.50 6.00 06 08 2017  1.19 3.86 2.88 2.93
2.87 34.42 62.98 2.24 173.20 7.00 06 082017 1.36 4.49 3.03 3.10
2.09 34.87 57.81 2.66 137.30 8.00 06 082017  1.40 4.16 2.90 2.89
0.00 35.82 54.86 2.48 155.80 9.00 06 082017  1.70 451 3.07 3.07
0.00 36.77 54.46 2.40 142.00 10.00 06082017 1.39 4.39 2.97 2.99
0.00 36.99 53.56 2.39 153.50 11.00 06082017 0.12 6.34 2.85 2.70
0.00 37.32 53.18 2.23 156.80 12.00 06082017 0.78 3.99 2.41 2.42




The data acquired during the ship’s expedition were statistically analyzed and hourly data
were used for data visualization for meaningful and proper interpretation.

Data Visualization. This task was aimed to design a data visualization of the hourly
averaged ambient concentration of mercury along with all meteorological parameters, ambient
temperature, humidity, and wind speed, in order to have an obvious dependency of mercury
levels on these four parameters, along with their spatial (location in the Arabian/Persian Gulf)
and their temporal (4 — 6 August 2017) attributes, all in a visual display. This pictorial plot

helped in understanding patterns and interpretations between these parameters.

Data Acquisition. The main focus of these data visualization was the hourly averaged

ambient mercury concentrations, ambient temperatures, humidity, and wind speed values.

Data Analysis. Prior to analysis, the data acquired from the survey vessel were at a

frequency of a hertz. Main statistical analysis was conducted to obtain the hourly mean, median,
minimum, and maximum of the ambient recorded data consisting of mercury concentrations, as
well as the average temperature, humidity, and wind speed values. The data were analyzed and
then plotted as figures using Microsoft Office 2007 (Excel).

Plotting Coordinates on the Map. The data also came with a longitude and latitude and

was plotted on the map using Google Earth.

The layout of the data visualization was chosen to be circular; to allow the layout to
expand as more “Circular belts” of data were added. The circular layout with 5 “belts” depicted
the date of the measurement, hour, location, and four parameters (mercury concentration,
temperature, humidity, wind speed). Each parameter was then associated with a unique hue
(color) and the saturation of the hue was changed according to the value of the parameter (e. g.,
high saturation of green is associated with high concentration of mercury, and low saturation of
green is associated with low concentration of mercury).

After the first sketch of the visualization was drawn as Fig. 108, it was presented to the
team members and project leader to obtain comments and feedback. The data visualization was
designed using Adobe Creative Suit: Photoshop CS6.
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Fig. 108. Visualization of mercury with meteorological parameters.

Measurement of Elemental Mercury (Hg® in Air in Petroleum and Petrochemical

Industries (KNPC)

Direct reading mercury analyzer (i.e., Zeeman RA-915+ mercury portable atomic
absorption spectrometer) was used to measure the mercury levels instantaneously at KNPC’s
industrial area (Plate 78). The RA-915+ analyzer (base unit) is intended for measuring mercury
vapor concentration in ambient air. The analyzer can be used for the onstream measuring of the

total mercury concentration in the air, both in a stationary mode and in continuous mode from

vehicles (car, helicopter, boat, etc).
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Mercury was emitted from fossil fuels (crude oil and gas) and has been reported in the
literature (Doll et al. [2012]; Lang et al. [2012]; Hoffman and Paulsen [2009]; Hollebone and
Yaung [2007]). Zeeman RA 915+ instrument was used to monitor mercury levels in the
petroleum refining industries in KNPC premises on 28 August 2017 and 5 October 2017. In the
southeastern corner of KNPC petroleum refineries, elevated levels of mercury were recorded on
28 August. Zeeman RA 915+ was used to continuously monitor mercury levels in the ambient air
on the way back to KISR and inside KISR. Very low mercury levels were noticed. The lowest
levels of mercury were noticed at the eastern shore of petroleum industries. On 5 October, the
second visit was arranged, and elevated levels were measured on the northern side of KNPC
petroleum refineries, and all other places showed low concentrations during this visit. Mercury
was not detected all over KISR and neighboring medical facilities. Figures 109 and 110 display
the local ambient mercury levels at the KNPC premises on different dates; while Tables 75 and
76 show the local ambient mercury values logged at every 10 s.

Passive samplers were installed at ten locations in KNPC refineries for mercury
monitoring. The exposure time was kept for about one month in the summer season and also
surface dust was collected from the passive samplers’ sites to be analyzed to know the mercury

deposition rate.
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Fig. 109. Local mercury levels in air at the KNPC premises on 28 August 2017.




Table 75. Local Mercury Levels in Air at KNPC Premises on 28 August 2017 Logged
atevery 10 s

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/m?3) (hh:mm:ss)
29.06154198 48.11510498 10.402818 8:31:49
29.06155799 48.11521302 7.806251 8:31:59
29.06134802 48.11549004 5.977799 8:32:09
29.06024203 48.11553698 4.549829 8:32:19
29.05933502 48.11528301 2.476269 8:32:29
29.05886102 48.115612 2.338268 8:32:39
29.05937299 48.11573203 3.340922 8:32:50
29.06002502 48.11560798 3.50257 8:33:00
29.06002502 48.11560798 3.582166 8:33:10
29.06116697 48.11555601 3.628752 8:33:20
29.06159696 48.11555098 2.592171 8:33:30
29.06223801 48.11552198 2.502389 8:33:40
29.06347199 48.11549398 1.525594 8:33:50
29.06361599 48.11530799 0.783774 8:34:00
29.06313797 48.11520103 0 8:34:10
29.06255501 48.11528603 0 8:34:20
29.06200499 48.11529298 0 8:34:30
29.06183903 48.11501898 0 8:34:41
29.06207599 48.11431197 0.233208 8:34:51
29.06207599 48.11431197 0.283454 8:35:01
29.06263498 48.11434901 0.505989 8:35:11
29.062696 48.11437097 0.748192 8:35:21
29.062696 48.11437097 2.41301 8:35:31
29.062696 48.11437097 4.533414 8:35:41
29.062726 48.11442303 5.78325 8:35:51
29.062726 48.11442303 6.295267 8:36:01
29.062726 48.11442303 6.522273 8:36:11
29.06272701 48.11442504 6.879751 8:36:21
29.06272701 48.11442504 7.031253 8:36:32
29.06272701 48.11442504 7.41594 8:36:42
29.06272701 48.11442504 7.444982 8:36:52
29.06272701 48.11442504 8.039369 8:37:02
29.06272802 48.11442303 8.751578 8:37:12
29.06272802 48.11442303 8.514578 8:37:22
29.06272802 48.11442303 8.976894 8:37:32
29.06273296 48.11442898 8.20995 8:37:42
29.06273296 48.11442898 8.688398 8:37:52

KNPC: Kuwait National Petroleum Company
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.06274696 48.11455596 8.506553 8:38:02
29.06275299 48.11501697 8.725416 8:38:12
29.06284997 48.115252 9.754106 8:38:22
29.06343101 48.11519098 9.6953 8:38:32
29.06361801 48.11534696 9.520945 8:38:42
29.064235 48.11548099 9.601148 8:38:53
29.06520302 48.11527404 10.236662 8:39:03
29.06580602 48.11542399 10.927909 8:39:13
29.06629301 48.11544201 10.677349 8:39:23
29.06660104 48.11521403 9.659561 8:39:33
29.06659601 48.11434197 9.121076 8:39:43
29.06694302 48.11402103 10.670586 8:39:53
29.06694302 48.11402103 10.956441 8:40:03
29.06870699 48.11400896 11.152107 8:40:13
29.06907102 48.11401097 11.220569 8:40:23
29.06926297 48.11434499 10.20863 8:40:33
29.06918099 48.11773698 12.314144 8:41:54
29.06920203 48.11873501 10.870395 8:42:04
29.06920203 48.11873501 10.697675 8:42:14
29.06917898 48.12104699 10.772925 8:42:24
29.06914604 48.12333701 10.523844 8:42:34
29.06913497 48.12371504 10.128478 8:42:44
29.06903498 48.12396498 10.245603 8:42:54
29.06903498 48.12396498 10.0115 8:43:05
29.06903598 48.12397102 10.138276 8:43:15
29.06903598 48.12397102 9.854113 8:43:25
29.06903104 48.123968 9.818007 8:43:35
29.06903104 48.123968 9.824241 8:43:45
29.06903104 48.123968 9.847737 8:43:55
29.06903104 48.123968 9.488371 8:44:05
29.06903196 48.12396398 9.189539 8:44:15
29.06910597 48.12410496 9.974572 8:44:25
29.06911603 48.12471299 9.104105 8:44:35
29.06911201 48.12628199 9.089557 8:44:46
29.06906096 48.127893 8.30589 8:44:56

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.06906096 48.127893 9.012295 8:45:06
29.06917202 48.12972 9.843841 8:45:16
29.07025798 48.13054101 9.703345 8:45:26
29.070361 48.13073404 8.997206 8:45:36
29.07044297 48.13144097 8.233828 8:45:46
29.07070801 48.13305499 8.71166 8:45:56
29.07098402 48.13473296 8.681977 8:46:06
29.07098402 48.13473296 8.707326 8:46:16
29.07118997 48.13699801 7.941499 8:46:26
29.07100799 48.13889399 7.292061 8:46:37
29.07071304 48.140305 7.006896 8:46:47
29.07071304 48.140305 7.577404 8:46:57
29.07039402 48.14187996 7.960296 8:47.07
29.07030098 48.142462 7.421769 8:47:17
29.07002002 48.14351602 7.935099 8:47:27
29.06974099 48.14516801 8.351305 8:47:37
29.06988901 48.14674096 9.418376 8:47:47
29.07010401 48.14804996 9.407942 8:47:57
29.07004299 48.148632 7.708608 8:48:07
29.06944896 48.14924397 6.680174 8:48:17
29.06944896 48.14924397 6.209557 8:48:27
29.06815404 48.14961604 5.915943 8:48:37
29.06741099 48.14975501 6.30694 8:48:48
29.06615898 48.14990404 5.770022 8:48:58
29.06517 48.15000999 5.847059 8:49:08
29.06517 48.15000999 6.625879 8:49:18
29.06353997 48.14998099 6.626716 8:49:28
29.06258997 48.14991804 6.494676 8:49:38
29.06227003 48.149623 5.713804 8:49:48
29.06207004 48.149048 7.416554 8:49:58
29.06156796 48.14756599 7.874258 8:50:08
29.06142304 48.14705797 7.982287 8:50:18
29.06120402 48.146992 7.842648 8:50:28
29.06031998 48.14738603 7.827751 8:50:39
29.05766401 48.14926199 9.891396 8:51:59

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.05766401 48.14926199 8.492801 8:52:09
29.05766501 48.14926299 7.978063 8:52:19
29.05766501 48.14926299 8.088787 8:52:29
29.05765001 48.14927297 7.535043 8:52:40
29.05731699 48.14946399 7.18126 8:52:50
29.05655298 48.14980103 7.066379 8:53:00
29.05631301 48.149883 7.491242 8:53:10
29.05545697 48.14988401 6.619717 8:53:20
29.05488297 48.14981997 5.977511 8:53:30
29.05379903 48.14970204 5.777599 8:53:40
29.05250704 48.14953599 5.974993 8:53:50
29.05250704 48.14953599 6.093766 8:54:00
29.05099302 48.14935997 5.769202 8:54:10
29.05043503 48.14909502 5.938936 8:54:20
29.05019497 48.14892101 6.844446 8:54:30
29.049336 48.14880601 7.027274 8:54:41
29.049336 48.14880601 7.21448 8:54:51
29.04888798 48.14870099 6.680998 8:55:01
29.04846403 48.14866796 6.763497 8:55:11
29.04835599 48.14856998 7.516234 8:55:21
29.048244 48.14810403 7.993241 8:55:31
29.048244 48.14810403 7.688325 8:55:41
29.048027 48.14692402 7.739887 8:55:51
29.04801099 48.14580697 8.296465 8:56:01
29.04801099 48.14580697 8.155402 8:56:11
29.04799498 48.14440602 8.689074 8:56:21
29.04799498 48.14440602 8.269939 8:56:32
29.04798601 48.14295502 8.404451 8:56:42
29.047955 48.14184601 9.145048 8:56:52
29.047955 48.14184601 9.068747 8:57:02
29.04813001 48.14043199 9.1945 8:57:12
29.04822598 48.14024398 9.095305 8:57:22
29.04822598 48.14024398 8.981024 8:57:32
29.04822498 48.14011599 7.999347 8:57:42
29.04820897 48.140075 7.547983 8:57:52

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.04820897 48.140075 7.470294 8:58:02
29.04820897 48.140046 9.275245 8:58:12
29.04800897 48.14051203 9.290592 8:58:22
29.04797402 48.14063801 11.168667 8:58:33
29.04797796 48.142059 11.510992 8:58:43
29.04796799 48.14264196 9.208075 8:58:53
29.04800101 48.14288897 6.850264 8:59:03
29.04797503 48.14331 9.698026 8:59:13
29.04796204 48.144979 10.820838 8:59:23
29.04794997 48.14553204 10.355079 8:59:33
29.04794997 48.14553204 10.734408 8:59:43
29.04798198 48.14615197 10.908871 8:59:53
29.04798198 48.14615197 10.220318 9:00:03
29.04799699 48.14711999 11.567558 9:00:13
29.04803798 48.147424 11.927794 9:00:23
29.04803798 48.147424 12.148379 9:00:33
29.04803798 48.147424 12.393477 9:00:44
29.04805399 48.14744102 13.986769 9:02:04
29.04805399 48.14744102 10.740583 9:02:14
29.04805399 48.14744102 11.574929 9:02:24
29.04805298 48.14745099 11.348086 9:02:34
29.04805298 48.14745099 17.118789 9:02:44
29.04805298 48.14745099 18.672967 9:02:59
29.04805298 48.14745099 16.996683 9:03:09
29.04806002 48.147481 17.802581 9:03:19
29.048143 48.14786799 18.302781 9:03:29
29.048546 48.14873502 16.786854 9:03:42
29.04909996 48.14876402 15.880014 9:03:52
29.04909996 48.14876402 16.626563 9:04:02
29.05037099 48.14888799 15.801905 9:04:12
29.05089201 48.14933298 13.706116 9:04:22
29.05089201 48.14933298 11.45606 9:04:32
29.05223496 48.14948302 11.536718 9:04:42
29.05223597 48.148977 12.814122 9:04:53

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.05223203 48.14858397 13.805358 9:05:03
29.05201502 48.147955 13.667416 9:05:13
29.05173498 48.14718797 13.709182 9:05:23
29.05173498 48.14718797 13.708004 9:05:33
29.05147699 48.14645598 14.027895 9:05:43
29.051407 48.14649303 14.51179 9:05:53
29.051407 48.14649303 14.657494 9:06:03
29.051407 48.14649303 14.714079 9:06:13
29.051407 48.14649303 14.544855 9:06:23
29.051407 48.14649303 14.308101 9:06:33
29.051407 48.14649303 14.289639 9:06:43
29.05140901 48.14649101 15.676032 9:06:54
29.05145796 48.14650501 14.250736 9:07.04
29.05138697 48.146201 12.624532 9:07:14
29.05117004 48.14548703 12.252379 9:07:24
29.05117004 48.14548703 11.899339 9:07:34
29.05093996 48.14479896 12.062753 9:07:44
29.05093996 48.14479896 13.076864 9:07:54
29.05048599 48.14345601 13.153764 9:08:04
29.05064701 48.14309299 14.923798 9:08:14
29.05158796 48.14268001 14.82964 9:08:24
29.05158796 48.14268001 14.125977 9:08:35
29.05259999 48.142232 12.96752 9:08:45
29.05337096 48.14189103 12.889313 9:08:55
29.05472799 48.141297 12.562303 9:09:05
29.05558999 48.14093297 12.76445 9:09:16
29.05582904 48.140823 12.3612 9:09:26
29.05585703 48.14050399 11.970278 9:09:36
29.05585703 48.14050399 12.380251 9:09:46
29.05542101 48.139255 11.229264 9:09:56
29.05530701 48.138852 9.17902 9:10:06
29.05488599 48.13761801 9.766236 9:10:17
29.05488599 48.13761801 9.47083 9:10:27
29.05435399 48.13598103 9.8796 9:10:37
29.05387798 48.13568599 10.733897 9:10:47
29.05286998 48.136191 11.161295 9:10:57

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.05163901 48.13677303 16.063737 9:12:18
29.05163901 48.13677303 14.465169 9:12:28
29.05163901 48.13677303 11.358669 9:12:38
29.05164002 48.13677203 10.495279 9:12:48
29.05158704 48.13677597 10.26211 9:12:58
29.051379 48.13628596 10.191262 9:13:08
29.051379 48.13628596 10.71152 9:13:18
29.05091599 48.13490697 9.909621 9:13:28
29.05091599 48.13490697 9.545366 9:13:38
29.05088103 48.13366 10.065453 9:13:49
29.05088103 48.13366 10.42095 9:13:59
29.05082697 48.13195403 9.509961 9:14:09
29.05080099 48.13098701 9.517606 9:14:19
29.05077601 48.130482 9.431349 9:14:29
29.05075204 48.12959997 10.05473 9:14:39
29.05075204 48.12959997 10.670461 9:14:49
29.05069697 48.12800297 10.31288 9:14:59
29.05069697 48.12800297 10.528156 9:15:09
29.05066201 48.12645701 10.40007 9:15:19
29.05085396 48.12610203 12.160642 9:15:29
29.05085396 48.12610203 12.935616 9:15:39
29.05199298 48.12609801 13.090918 9:15:49
29.05299101 48.12613699 12.813955 9:16:00
29.05311498 48.12620002 12.38433 9:16:10
29.05311498 48.12620002 11.925207 9:16:20
29.05311498 48.12620002 12.209925 9:16:30
29.05347297 48.126413 11.427628 9:16:40
29.053752 48.12671601 10.972466 9:16:50
29.05417202 48.12790699 12.383111 9:17:00
29.05428501 48.12878097 12.141897 9:17:10
29.05461903 48.129173 10.780113 9:17:20
29.05506402 48.129591 11.991231 9:17:30
29.05559502 48.13003801 12.558814 9:17:40
29.05586299 48.12976803 10.120845 9:17:50

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.05584304 48.12893897 10.235277 9:18:00
29.05626297 48.12812299 11.567714 9:18:10
29.05628904 48.12883403 12.136966 9:18:21
29.05633598 48.12919303 12.420416 9:18:31
29.05640001 48.12938397 12.103063 9:18:41
29.05640001 48.12938397 11.977308 9:18:51
29.05651703 48.12954498 12.570695 9:19:01
29.05676002 48.12960701 12.255476 9:19:11
29.05676002 48.12960701 12.163536 9:19:21
29.058037 48.12950903 11.41196 9:19:31
29.05933896 48.12929504 11.863105 9:19:41
29.05986903 48.12899396 11.079331 9:19:51
29.05981396 48.128325 9.243506 9:20:01
29.05981396 48.128325 9.265827 9:20:11
29.05964197 48.12661098 9.471041 9:20:21
29.05946704 48.12498598 8.252972 9:20:31
29.05946704 48.12498598 8.301538 9:20:42
29.059302 48.12305898 7.955197 9:20:52
29.05914098 48.12128596 8.014369 9:21:02
29.06222401 48.12036898 9.927842 9:22:22
29.06222904 48.12050301 9.015414 9:22:32
29.06222904 48.12050301 9.708367 9:22:42
29.06221798 48.120458 9.963476 9:22:52
29.06221798 48.120458 9.434041 9:23:02
29.06226399 48.12080802 9.191113 9:23:12
29.06226399 48.12080802 10.322018 9:23:23
29.06237396 48.12208702 9.88589 9:23:33
29.06250103 48.12353801 9.812027 9:23:43
29.06266599 48.12522202 9.67699 9:23:53
29.06275702 48.126096 10.282548 9:24:03
29.06275702 48.126096 9.522242 9:24:13
29.062884 48.12786399 10.783667 9:24:23
29.06303404 48.12927903 10.693347 9:24:33
29.06303697 48.129577 10.656605 9:24:43
29.06303697 48.129577 11.016076 9:24:53

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.06303697 48.129577 10.927457 9:25:03
29.06303496 48.12969502 11.04548 9:25:13
29.06308299 48.13020003 11.117929 9:25:23
29.06321903 48.13144499 9.974769 9:25:33
29.06337703 48.13311098 10.717435 9:25:44
29.06354198 48.13485098 10.501553 9:25:54
29.06361398 48.13557702 10.185846 9:26:04
29.06338298 48.13582898 8.239153 9:26:14
29.06205998 48.13596996 6.695676 9:26:24
29.06125599 48.13604599 7.360605 9:26:34
29.06045401 48.13562103 7.716687 9:26:44
29.06034504 48.13426802 7.858212 9:26:54
29.06034504 48.13426802 8.378766 9:27.04
29.06016701 48.132741 8.133542 9:27:14
29.05984003 48.13167499 8.277182 9:27:24
29.05902497 48.13150803 7.344229 9:27:35
29.05893403 48.13031604 7.072813 9:27:45
29.05887301 48.12951498 7.354711 9:27:55
29.05886899 48.129419 8.258597 9:28:05
29.05860001 48.12933401 7.561645 9:28:15
29.05748103 48.12938497 8.502641 9:28:26
29.05643103 48.129275 8.58784 9:28:36
29.05649196 48.12824403 9.244597 9:28:46
29.05673001 48.12652498 9.188061 9:28:56
29.05711298 48.12473897 9.660517 9:29:06
29.05711298 48.12473897 9.681166 9:29:16
29.05788696 48.12133701 9.808926 9:29:26
29.05795704 48.12053301 8.973492 9:29:36
29.05807002 48.11955702 9.268126 9:29:47
29.05852198 48.11776598 9.794286 9:29:57
29.05899497 48.11616504 10.779151 9:30:07
29.059404 48.11573496 11.137707 9:30:17
29.05972503 48.11558099 11.646562 9:30:27
29.06078601 48.11555601 11.843505 9:30:37
29.06169998 48.11536599 9.579092 9:30:47
29.061675 48.11452604 8.328961 9:30:57
29.06186099 48.114103 9.349104 9:31:07

GPS: Global Positioning System
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Table 75. (Cont’d.)

GPS Coordinates Hg Time
Latitude (N) Longitude (E) (ng/md) (hh:mm:ss)
29.06400399 48.11363596 10.306963 9:32:27
29.06403299 48.11368701 5.864934 9:32:38
29.06403299 48.11368701 5.715603 9:32:48
29.06403299 48.11368701 5.384514 9:32:58
29.06403299 48.11368701 5.436671 9:33:08
29.06403098 48.113685 5.253653 9:33:18

GPS: Global Positioning System
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KNPC: Kuwait National Petroleum Company

Fig. 110. Local mercury levels in air at the KNPC premises on 5 October 2017.




Table 76. Local Mercury Levels in Air at the KNPC Premises on 5 October 2017

GPS Coordinates

Time

Hg Concentrations

Latitude (N) Longitude (E) (ng/m®)
29.06390802 48.11284203 10:46:59 14.361991
29.06390802 48.11284203 10:47:09 6.411145
29.06391598 48.11202304 10:47:19 4.909674
29.063487 48.11184601 10:47:30 6.638253
29.06277797 48.11190996 10:47:40 8.297351
29.06277797 48.11190996 10:47:50 14.845055
29.06181003 48.11253701 10:48:00 16.486073
29.06186904 48.11355298 10:48:10 19.018043
29.06186803 48.11408004 10:48:20 19.237689
29.06198597 48.11414902 10:48:30 16.391353
29.06198597 48.11414902 10:48:40 13.808786
29.06279901 48.11411801 10:48:50 13.165592
29.06279901 48.11411801 10:49:00 13.081037
29.063761 48.11409697 10:49:10 12.743915
29.063761 48.11409697 10:49:20 12.464734
29.06504603 48.11406604 10:49:30 12.262569
29.06504603 48.11406604 10:49:40 11.657397
29.06641102 48.114044 10:49:50 11.923779
29.06641102 48.114044 10:50:00 12.403583
29.06798297 48.11402597 10:50:10 12.453632
29.06901302 48.11400896 10:50:20 13.1782
29.06928501 48.11440802 10:50:30 17.527993
29.06928501 48.11440802 10:50:40 17.65447
29.06922298 48.116374 10:50:50 17.539564
29.06918501 48.11757403 10:51:00 17.762977
29.06916398 48.117813 10:51:10 17.045936
29.06916599 48.11792297 10:51:20 16.359484
29.06916599 48.11792297 10:51:30 16.313429
29.06917504 48.11802599 10:51:40 16.347807
29.069212 48.11875999 10:51:50 16.46133
29.069212 48.11875999 10:52:00 16.379891
29.069212 48.11875999 10:52:10 16.181206
29.069182 48.12043402 10:52:20 16.218013
29.06915903 48.12214301 10:52:30 16.39307
29.06915903 48.12214301 10:52:40 16.386538
29.06912198 48.12427696 10:52:50 16.432916
29.06912198 48.12427696 10:53:00 16.343483
29.06911 48.12641904 10:53:10 16.66459
29.06911 48.12641904 10:53:20 16.008243
29.06905401 48.12803599 10:53:30 16.351555
29.06915702 48.12973198 10:53:40 16.798138
29.06915702 48.12973198 10:53:50 15.106461

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)

29.07025203 4813061301  10:54:00 16.465052
29.07035798 4813089497  10:54:10 17.101428
20.07035798 4813089497  10:54:20 17.25558

29.07077196 4813298701  10:54:31 17.866656
29.07082301 4813369302  10:54:41 17.258166
29.07099701 4813488401  10:54:51 17.40883

29.07099701 4813488401  10:55:01 17589115
29.07120799 48.136795 10:55:11 17.154419
20.07120799 48.136795 10:55:21 16.02817

20.07105502 4813872099  10:55:31 15.524489
20.07079803 4813996696  10:55:41 15.36234

29.07016997 4814275101  10:57:01 10.477836
20.07016997 4814275201  10:57:11 16.886685
29.07015396 4814291798 10:57:21 17.278863
20.070074 4814335601  10:57:31 17.367543
29.06979304 48.144734 10:57:41 17.770447
2906979304 48.144734 10:57:51 18.235641
29.06983503 4814639797  10:58:01 18.995348
29.07004701 4814768703  10:58:11 18.760314
20.06979497 4814819799  10:58:21 17.145199
20.06979497 4814834501  10:58:31 17.638844
20.06979497 4814834501  10:58:41 17.758961
20.06979497 4814834501  10:58:51 17.753468
20.06979497 4814834501  10:59:01 18.015781
20.06979497 4814834501  10:59:11 16.226393
20.06979497 4814834501  10:59:21 16.687542
29.06979597 48.148344 10:59:31 17.096563
20.06979597 48.148344 10:59:41 18.937726
29.06979597 48.148344 10:59:51 18.739054
29.06979597 48.148344 11:00:01 18.92943

20.06979497 4814834199  11:00:11 18.750303
20.06979497 4814834199  11:00:21 18.717002
20.06979497 4814834199  11:00:31 10.895243
20.06979597 48.148344 11:00:41 20.076686
20.06979597 48.148344 11:00:51 10.770272
20.06979597 48.148344 11:01:01 18.901854
20.06979597 48.148344 11:01:11 18.669833
20.06979597 48.148344 11:01:21 18.332187
20.06979698 4814833998  11:01:31 18.307497
20.06979698 4814833998  11:01:41 18.001583
2906982204 4814853603  11:01:51 18.255146

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)

29.06986596 48.14889 11:02:02 18.249584
29.06952498 4814922502  11:02:12 16.903562
2006952498 4814922502  11:02:22 15.015477
29.06828002 4814959002  11:02:32 14.215365
2906759597 4814974898  11:02:42 12.660041
29.06701603 4814980396  11:02:52 12.277555
20.06601196 4814992801  11:03:02 10.866302
29.065401 4814997797  11:03:12 9.988519
20.06411899 4814999901  11:03:22 8.821228
20.06411899 4814999901  11:03:32 8.142994
20.06281603 4814995098  11:03:42 7.616608
2006245803 4814984403  11:03:52 6.493136
20.06230297 4814957899  11:04:02 5.501319
29.06203601 4814876502  11:04:12 6.045598
20.06168103 4814772801  11:04:22 6.576419
20.06142798 4814700298 11:04:32 6.67877

20.06125196 4814696099  11:04:42 10.778114
29.06042903 48.147351 11:04:52 16.080551
2006042903 48.147351 11:05:02 15.64526

29.05907803 4814796698  11:05:12 14.422427
2905836599 4814868699  11:05:22 14.688067
20.05785101 4814904498  11:05:32 12.404101
29.05769099 48.149091 11:05:42 12.150415
20.05748497 4814918504  11:07:03 16.880596
2005748497 4814918303  11:07:13 14.069452
20.05748497 4814918303  11:07:23 14.365003
2005748497 4814918303  11:07:33 14.379289
20.05748497 4814918303  11:07:43 14.159744
2005748497 4814918303  11:07:53 14.321107
2005748396 4814918999  11:08:03 13.907551
2005748396 4814918999  11:08:13 11.718912
2005748396 4814918999  11:08:23 11.628518
2005748396 4814918999  11:08:33 12.756821
2005748203 4814918999  11:08:43 13.027978
2005734901 4814948302  11:08:53 13.882005
29.05673102 48.149767 11:09:03 12.186975
2005633103 4814991402  11:09:13 12.743007
2905553198 4814990203  11:09:23 7.462531
2005490996 4814981704  11:09:33 6.511383
2905490996 4814981704  11:09:43 5.955768
20.05345797 4814964898  11:09:53 5.434622

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)
29.05283804 4814960699  11:10:03 6.34005
20.052112 4814945502  11:10:13 6.303957
20050861 4814933007  11:10:23 6.860438
29.05055498 4814894901  11:10:33 4.985469
20.05016396 4814882898  11:10:43 7.10879
29.04987596 4814879201  11:10:53 6.161316
20.04914497 4814874197  11:11:03 7.036586
29.04876502 4814863896  11:11:13 6.0197
2004876502 4814863896  11:11:23 8.75439
20.04872797 4814864399  11:11:33 9.801111
20.04872797 4814864399  11:11:43 9.278428
20.04872797 4814864399  11:11:53 8.51621
20.04872797 4814864399  11:12:03 8.229597
20.04872797 4814864399  11:12:13 7.910044
20.04872797 4814864399  11:12:23 8.460874
20.04872697 4814863896  11:12:33 8.704358
2004872697 4814863896  11:12:43 8.762868
20.04872697 4814863896  11:12:53 8.790776
20.04872303 4814863401  11:13:03 8.195991
20.04872303 4814863401  11:13:13 9.082385
2004853997 4814867601  11:13:23 7.346431
20.048286 4814855103  11:13:33 5.373735
20.04816102 4814784704  11:13:43 5.072908
20.048013 4814685697  11:13:53 4.568256
20.04797704 4814642798  11:14:03 4.629696
20.04771301 4814593202  11:14:13 4.926103
20.04721403 4814595801  11:14:23 6.540997
2904685001 4814520397  11:14:34 4.140024
20.04744797 4814481698  11:14:44 4.278075
20.047653 4814487297  11:14:54 8.666279
20.04784402 4814484699  11:15:04 5.817932
29.04800202 48.144533 11:15:14 5.337573
20.04801602 4814365399  11:15:24 5.153122
20.04800403 4814267297  11:15:34 5.165021
2004800403 4814267297  11:15:44 5.394666
20.04815197 4814025496  11:17:04 13.944944
2004814803 48.140262 11:17:14 11.764007
20.04814803 48.140262 11:17:24 11.837909
20.04814803 48.140262 11:17:34 11.49598
20.04814803 48.140262 11:17:44 11.474713
29.04814803 48.140262 11:17:54 11.458653

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)

29.04814803 48.140262 11:18:04 11.709436
2004814904 4814026502  11:18:14 11.626038
2004814904 4814026502  11:18:24 11.696553
29.04814904 4814026502  11:18:34 11503387
2004814803 4814026996  11:18:44 11.899559
29.04822003 4814025898  11:18:54 10.003475
20.04810796 4813984601  11:19:04 6.36835

20.04797 4813940098  11:19:14 4.92648

29.04795097 4813936698  11:19:24 4.608093
20.04795097 4813936698  11:19:34 4.680733
2904795097 4813936698  11:19:44 3.501192
20.04795097 4813936698  11:19:54 3.370751
2904795097 4813936698  11:20:04 4.569489
29.04795097 4813937101  11:20:14 15.435693
2904795097 4813937101  11:20:24 19.351192
29.04795097 4813937101  11:20:34 20.751802
20.04795298 4813937302 11:20:44 21.100005
20.04795298 4813937302  11:20:54 21.482449
20.04795298 4813937302 11:21:04 1951361

20.04795298 4813937302  11:21:14 10.138831
29.04796002 4813937704  11:21:24 7.947632
20.04795198 4813934603  11:21:34 6.752703
20.04789104 4813934896  11:21:44 8.814715
20.04798701 4813949296  11:21:54 11.76813

20.04812003 48.140305 11:22:04 15.638294
20.04793496 4814075402  11:22:14 13.306377
20.04795097 4814168299  11:22:25 13.262108
20.04795097 4814168299  11:22:35 13.348632
20.04796103 4814227399  11:22:45 12514042
20.04798903 4814305401  11:22:55 8.350003
20.04798098 4814390603  11:23:05 12.619908
20.04796103 4814460601  11:23:15 13.556039
20.04773103 4814495704  11:23:25 12.937776
20.04779096 4814573304  11:23:35 8.760823
20.04796497 4814651197  11:23:45 11.238759
20.04824601 48.14655597  11:23:55 0.048492
2004895898 4814637098  11:24:05 4.922204
20.04919501 4814621097  11:24:15 6.08898

20.04914397 4814543196  11:24:25 4.08328

2904969499 48.14506399  11:24:35 5.221342
29.05039103 48.14505 11:24:45 7.444518
29.050588 4814449696  11:24:55 5.399602

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)
29.05081498 48.144518 11:25:05 8.304313
29.05115001 4814554101  11:25:15 13.922741
20.051235 4814581996  11:25:25 13.28564
29.05124699 4814586103  11:25:35 13.810863
2905124699 4814586103  11:25:45 14.248816
29.051249 4814585002  11:27:05 15.086474
2005125696 4814504401  11:27:15 11.643294
29.05132502 4814580003  11:27:25 8.414633
20.051077 4814515997  11:27:36 3.556347
20.051077 48.14515097  11:27:46 2436783
29.050804 4814436796  11:27:56 2.083807
29.05060703 4814313699  11:28:06 2.360988
29.05060703 4814313699  11:28:16 33971
2905168503 4814266199  11:28:28 3.46831
2905230202 4814239101  11:28:38 3.73138
20.052831 4814215698  11:28:48 3.361358
2005348303 4814185509  11:28:58 3.176178
2005348303 4814185509  11:29:08 2.694104
2005407404 4814159104  11:29:18 2481382
20.055334 4814103196  11:29:28 2486892
2905583801 4814081001  11:29:38 2.285863
29.05590397 4814047499  11:29:48 2.420189
29.05538507 48.139053 11:29:58 1.919141
2905526301 4813878201  11:30:08 1.494958
29.05505204 4813811196  11:30:18 0.544676
29.05492899 48.137716 11:30:28 0.514853
29.05465901 4813693296  11:30:48 0.079492
2905430697 4813502403  11:30:58 0.427706
29.05406599 4813577198  11:31:08 4.9955
29.05337004 4813606703  11:31:18 8.317711
2905292303 4813621698  11:31:28 7.842496
20.05278398 4813625897  11:31:38 8.428006
2005278398 4813625897  11:31:48 7.987363
20.05278398 4813625897  11:31:58 7.481106
2005278398 4813625897  11:32:08 7.801427
20.05261198 4813636098  11:32:18 7.777517
29.05235499 4813647204  11:32:28 8.164092

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)

29.05156299 4813676398  11:32:38 7.945618
29.05156299 4813676398  11:32:48 4.207008
20.051306 4813608597  11:32:58 2.915649
29.05119603 4813579696  11:33:08 3.015953
2905098304 4813522500  11:33:18 3.365392
29.05089302 4813432502  11:33:28 2.99129

29.05089302 4813432502 11:33:38 3.084414
29.05085396 4813290797  11:33:48 2.842493
20.050818 4813164509  11:33:58 2564936
29.05079604 4813102003  11:34:08 2.700313
20.05078196 48.130655 11:34:18 2.796267
29.05078104 4813030097  11:34:28 2512504
29.05076201 48.12962 11:34:38 2.722913
29.05072102 4812816096  11:34:48 3.029029
29.05072102 4812816096  11:34:58 3.500625
29.05065296 4812677904  11:35:08 3.643698
2905088598 4812613003  11:35:18 4.475599
2905088598 4812613003  11:35:28 6.554672
20052097 4812611796  11:35:38 5.947913
2905323903 4812624704  11:35:48 9.152002
2905239397 4812644703  11:37:08 12.978144
29.05239799 4812644896  11:37:18 10.425443
2905239799 4812644896  11:37:28 10.33883

29.05239799 4812644896  11:37:39 10.188022
2905239799 4812644896  11:37:49 10.232161
29.05240604 4812644804  11:37:59 9.949083
29.05240604 4812644804  11:38:09 9.706498
29.05236597 4812642901  11:38:19 8.50269

2005237896 4812643304  11:38:29 3.956727
2005243102 4812640102  11:38:39 3.461633
2005243102 4812640102  11:38:49 3.796515
20.05249497 4812639509  11:38:59 3.553935
2005249497 4812639599  11:39:09 3.512226
2005249497 4812639509  11:39:19 3.483324
2005249598 4812639699  11:39:29 3.550817
2005249598 4812639699  11:39:39 3.566426
2005249598 4812639699  11:39:49 3.207994
2005252498 4812640596  11:39:59 3.671251
2905283603 4812644703  11:40:09 4.811915
2905330801 4812631301  11:40:19 5.162532

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)

29053752 4812678298  11:40:29 9.703776
2905425098 48.128138 11:40:39 14.654608
2005432801 4812873504  11:40:49 15.434871
20.054385 4812896102  11:40:59 15.889181
2905470997 4812923896  11:41:09 12.165074
29.05530601 4812982896  11:41:19 13.887608
2905530601 4812982896  11:41:29 14.707066
2905568998 4813006902  11:41:39 13.88715

2905585201 4812991697  11:41:49 9.174752
2905583298 4812912396  11:41:59 6.308833
2905587899 4812841401  11:42:09 5.753776
2905620698 4812808502  11:42:19 7.863621
2905627999 4812906504  11:42:29 13.114715
29.05624897 4812910904  11:42:39 13.555638
2005628703 4812932697  11:42:49 13.950493
29.05628703 4812932697  11:42:59 14.764292
2005628703 4812932697  11:43:09 1454826

29.05628703 4812932697  11:43:19 14.889075
2005628703 4812932697  11:43:29 14.793422
2905628703 4812932697  11:43:39 14559049
29.05629097 4812932303 11:43:49 15.13471

29.05629097 4812932303 11:43:59 15.857823
29.05629097 4812932303 11:44:09 16.351071
29.05629097 4812932303 11:44:19 15.801219
29.05629197 4812932203 11:44:29 14509697
29.05629197 4812932203 11:44:39 13.936967
20.056326 4812937198  11:44:49 15.901913
2005658701 4812954001  11:44:59 14530501
2005744096 4812957499  11:45:10 9.283545
20.05861703 48.12939 11:45:20 6.083796
29.05970299 4812926796  11:45:30 6.288754
2905988001 4812899203  11:45:40 4.993481
2005981597 4812824696  11:45:50 5.05126

29.05902799 4812025509  11:47:10 6.015695
2005925296 4811993597  11:47:20 3.466628
2905925296 4811993597  11:47:30 5.277652
2906064503 4811980697  11:47:40 5.413299
2006133704 4811973698  11:47:50 4.728941
20.062178 4811958997  11:48:00 3.782298
2006220398 4811915402  11:48:10 4.28188

GPS: Global Positioning System
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Table 76. (Cont’d.)

GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)
29.06214103 4811919602  11:48:20 7.309271
20062237 4811963699  11:48:30 10569034
20.06227497 4811973204  11:48:40 10.359801
20.06227497 4811973204  11:48:50 10.296726
20.06227497 4811973204  11:49:00 12.173432
20.06227497 4811973204  11:49:10 11.18415
20.06227497 4811973204  11:49:20 12.175648
2006227598 48.119739 11:49:30 12.382839
20.06227598 48.119739 11:49:40 12.664457
20.06227598 48.119739 11:49:50 12.918924
20.06227204 48.11974 11:50:00 13.394482
2006227204 48.11974 11:50:10 12.57118
20.06227204 48.11974 11:50:20 12,5343
2006227204 48.11974 11:50:30 11.16711
29.06226098 4811986598  11:50:40 11.023453
2906230699 4812079201  11:50:50 10.034846
20.06230699 4812079201  11:51:00 9.967593
20.06247597 4812276503  11:51:10 9.83872
20.06247597 4812276503  11:51:20 9.675726
20.06266096 4812465599  11:51:30 9.229552
20.06274403 48.125694 11:51:40 9.5095
2906282499 4812642801  11:51:50 9.328056
20.062926 4812722504  11:52:00 8.294942
2906295299 4812733401  11:52:10 8.383922
2906295299 4812733401  11:52:20 9.12945
2906295299 4812733401  11:52:31 8.84492
29.06292801 4812793801  11:52:41 6.249246
2006298903 48.127851 11:52:51 1.732283
20.06294301 4812734499  11:53:01 0.273177
20.062883 4812740601  11:53:41 3.435119
20.062883 4812740601  11:53:51 8.146056
20.06314602 4812932898  11:54:02 10.761158
2006317502 48.129418 11:54:12 11.041393
2006317502 48.129418 11:54:22 10.438682
2006317502 48.129418 11:54:32 10509245

GPS: Global Positioning System
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GPS Coordinates

Hg Concentrations

Latitude (N) Longitude (E) ' '™® (ng/m?)

29.06317502 48.129418 11:54:42 10.706743
29.06317502 48.129418 11:54:52 10.495948
2906317502 48.129418 11:55:02 10.68305

29.06317502 48.129419 11:55:12 11.020143
2906317502 48.129419 11:55:22 10.744695
29.06317502 48.129419 11:55:32 10.844829
2006317603 4812942202  11:55:42 11.082148
29.06317603 4812942202  11:55:52 12.113765
20.06361097 4813485199  11:57:12 12.815695
20.06357802 4813578196  11:57:22 10.720871
2006314602 4813584398  11:57:32 10.407221
29.06314602 4813584398  11:57:42 10.010338
2906255702 4813588799  11:57:52 8.245573
29.06219501 4813502202  11:58:02 9.391591
20.061101 48.136019 11:58:12 10.259061
29.06049298 4813563603  11:58:22 8.592804
20.06049298 4813563603  11:58:32 4.845989
29.06049298 4813563603  11:58:42 4.404882
29.06033699 4813380997  11:58:52 4.160338
29.06024999 4813317703 11:59:02 3.776637
29.06015402 4813210901  11:59:12 3.96573

29.05975202 4813166401  11:59:22 4517486
2905906504 4813152001  11:59:32 7.498896
2905906504 4813152001  11:59:42 4.28762

20.058043 4813017304  11:59:52 2517309
2005865701 4812927903 12:00:02 3.197626
2005836297 48.129318 12:00:12 8.393853
29.05739998 4812940903  12:00:23 10.28308

2905640697 4812913301  12:00:33 7.779646
29.05639599 4812866899  12:00:43 4773931
29.05660302 4812738497  12:00:53 4.038229
29.05660302 4812738497  12:01:03 3.932257
20.05682196 4812604998  12:01:13 4.081041
29.05710602 4812434804  12:01:23 4.246918
20.05702103 4812379701  12:01:33 3.83047

20.05740199 4812328808  12:01:43 3.650817
20.05771597 48.121997 12:01:53 4.342987
2005789702 4812031098  12:02:03 5.116676
2005789702 4812031098  12:02:13 4.175905

GPS: Global Positioning System
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20.05821797 4811903601  12:02:23 3.71968

2905864603 4811730397  12:02:33 3.737442
20.059101 4811605901  12:02:43 4.200662
29.05935497 4811549499  12:02:53 3.850624
20.05908298 4811504507  12:03:03 6.662782
29.05853597 4811522802  12:03:13 8.866522
20.05838904 4811489602  12:03:23 6.205352
29.05814496 48.11449 12:03:33 7.092979

GPS: Global Positioning System

Conclusion

Real-time monitoring at OSC and KISR sites revealed the presence of an upwind
distant mercury emission source, namely, Al-Doha Power Desalination Plant, which uses
crude oil during the peak load, i.e., July-August 2016, and the consequence of the Qil
Sector Workers Union’s industrial action in Apirl 2016, which compelled power stations to
be operated on crude oil emitting high concentrations of the pollutants associated with
crude oil. Mercury measurements over the Arabian Gulf were very low, at less than 10
ng/m3. There was a slight increase near the offshore oil rigs and near the passing ships
confirming the source of mercury combustion of fuel. Ambient mercury levels in oil
industries were measured in two expeditions conducted on 28 August 2017 and 5 October
2017. The results showed elevated levels of mercury in the southeastern corner of
petroleum refineries on 28 August, which were in the range of 13.82-18.67 ng m,
compared to other locations. On 5 October 2017, elevated levels were measured on the
northern side of petroleum refineries ranging between 16.04 and 21.48 ng m, confirming
a local source (combustion of fuel in open pit fire). Mercury emissions were substantial
from coal power stations and in the ash fallout, and elevated gaseous mercury levels were
detected in the downwind direction of coal powered power plants in Russia and Poland
(Zasina and Zawadzki, 2017; Sloss, 2012).
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Limitations

Another mercury analyzer (latest model) was supposed to be purchased for K-EPA
according to the agreement and contract between the two organizations (KISR and K-
EPA), along with the provision of conducting planned operational training for their staff
for continuous monitoring and using pyrolitic accessory for the determination of mercury
levels in dust samples. The budget for the purchase of Zeeman was not allocated due to
administrative complications in KISR. Now, the budget has been arranged and the
requisition has been obtained to purchase this analyzer. There were unforeseen
complications, mainly from the Kuwait Audit Bureau, obstructing the purchase several
times claiming that it was an open violation of the regulations governing the purchase of
such an equipment. In spite of the unexpected delays related to the approval of the budget,
the purchase process was started and the analyzer arrived KISR, unfortunately, very late,
which could not be used for this project. Kuwait EPA’s staff were trained to use it for the
analysis of mercury in air, water, and soil. Two letters were issued (Appendix O), one was
for nominating the employees for the training and the other was for the determined date of
the training, which was held in KISR.

The training course was conducted for five working days for Kuwait EPA’s staff to
enable them handle this analyzer on their own and to measure the mercury content in the
air, soil, sludge, suspended dust, water, etc. The certificate of training was issued to the
trained staff. Plates 88 — 89 show EPA staff being trained on the measurements of Hg.
Samples of dust from residential homes, sediments, and food samples were measured

during this training sessions.
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EPA: Environment Public Authority

Plate 88. Kuwait EPA’s staff along with KISR’s staff being trained on using the
Zeeman RA915+ analyzer in a laboratory in KISR.
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EPA: Environment Public Authority

Plate 89. Field measurements being taken by Kuwait EPA’s staff.
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Section 11 - Mercury Regulation for the Protection of Human Health

Kuwait EPA has indoor air mercury guidelines for daily and annual exposure, of
0.002 and 0.001 mg m= or (2 and 1 pug m), respectively. WHO (2007) estimated 1 ug m™
in air (annual average) as a guideline and 1 mg m= in water for total mercury as
guideline, and a tolerable concentration of 0.2 pg m™ for long-term inhalation exposure to
elemental mercury vapour, and a tolerable intake of total mercury of 2 ng g* of body
weight per day. Mercury intake in the food has been regulated by Joint FAO/WHO Expert
Committee of Food Additives (JECFA) to a tolerable intake of 1.6 ng g bodyweight per
week for methylmercury, to protect the developing fetus from neurotoxic effects. Later,
JECFA clarified that life-stages other than the embryo and fetus were not that sensitive to
the adverse effects of methylmercury. Therefore, adult population could not show any
adverse effect or risk of neurotoxicity for 3.2 ng g™ bodyweight per week consumption of
seafood containing that much methylmercury. The available data had not confirmed these
results for children (up to about 17 y), as they were more sensitive than adults.

Soil guideline values for mercury in soil reported that elemental mercury being
volatile could be absorbed through inhalation, whereas absorption due to oral ingestion
was extremely limited (Hannah et al., 2009). The repeated inhalation exposure to elemental
mercury influenced the central nervous system (CNS). Long-term occupational exposure to
mercury concentrations of 20 pug m= showed mild effects on the CNS and thus provided
basis for the tolerable concentration in air of 0.2 pug m=, which is recommended for the
derivation of the inhalation of tolerable daily intake (TDI). Although the paucity of oral
and dermal toxicity data precludes the derivation of an oral TDI for elemental mercury, a
high degree of toxicity is unlikely.

Shodor Education Foundation, 1994, reported threshold concentrations of the
chemical mercury for air, water, soil and food in Massachusetts, which are tabulated in
Table 77.
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Table 77. Recommended Limit for Metallic Mercury Concentrations in VVarious
Environmental Media

Massachusetts Ambient Air Levels: micrograms/cubic meter

Allowable ambient limit (annual avg.) 0.07 pg/cu.m
Threshold effects’ exposure limit 0.14 pg/cu.m
(24-hour avg.)

USEPA reference concentration for ambient air 0.3 pg/cu.m
US NIOSH air threshold limit value 50 pg/cu.m

(Occupational limit for long-term exposure)

ATSDR (draft) Air Concentration Limit

Chronic duration exposure 0.014 pg/cu.m
Acute duration exposure 0.02 pg/cu.m
Massachusetts residential soil standard (assuming 10 mg/kg or pg/g total Hg
ingestion by a pre-school child playing at home)

Massachusetts Type | sludge standard 10 mg/kg or pg/g total Hy
USEPA sludge standard 17 mg/kg or pg/g total Hg
Massachusetts drinking water standard (MCL) 0.002 mg/I total Hg
USEPA ambient water quality standard for 0.146 pg/l (0.000146 mg/l)

human health, assuming ingestion of
contaminated fish/shellfish

Massachusetts limit for fish used as food by 0.5 mg/kg
pregnant women (total mercury: almost all of
which will be in methylated
form)
US FDA limit for fish used as food 1 mg/kg

347



Conclusion

Mercury monitoring and mapping for the entire State of Kuwait was accomplished
using many accurate measuring techniques, such as diffusive passive sampling technique,
and distribution of questionnaires to Customs and Import Division, Ministry of Health,
dental clinics, gold workshops, etc. The information was scarce and the project leader
faced a lot of difficulties and requested Kuwait EPA to assist in this matter. Different
organizations and their employees were not cooperative and completely ignored the
request. Therefore, it was hard to gather the required information. The Central Statistical
Bureau dispatched a CD that contained data on imported mercury and mercury salts and
other accessories that contained mercury, but the composition or amount of mercury in
each accessory, such as shampoos, hair spray, etc., was not disclosed. The imported
amount was mentioned in kilogram and in very large quantity for 2011, 2013, and 2014,
which led to doubts about the authenticity of the reported values.

Cement industries all over the world were the second biggest source of mercury
other than power production using fossil fuels. The Assistant Executive Director of
Cement industries informed that 20 ug Nm of mercury were measured by NPESCO,
which if calculated for the entire year based on those fixed operating conditions resulted in
146.3 kg of mercury per year. Samples of raw material and cement were analyzed in
KISR’s laboratory using Zeeman RA 915+ and applying material balance over raw
materials indicated the annual emissions of mercury of about 100.2 kg year™. If based on
products, the emission from grey cement would be 38.1 kg y*. The net emission from the
stack was 62.1 kg y*, which was less than mercury emissions from the incinerator (3.2 kg
per day or one ton per year), as specified by Law (1991), Steverson (1991), and Singh and
Parkash (2007).

Ambient air, water, soil, sludge, and crude oil samples were collected from KOC
premises (booster, gathering center, sludge treatment, and oil pits). The passive samples’
results for one-month exposure showed the highest mercury level, that is, 5.8 ng m=, and
the concentration of mercury in other samples was similar to that reported at other places
in Kuwait. Contaminated water samples showed 10 ng m= concentration of mercury within
a range of 13 ng m™ soil, and sludge samples indicated 184.1 and 200.5 ng m, within a

range equivalent to 117 and 163 ng m= reflecting non-homogeneity of the sludge samples.
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Recovered crude oil had 1.6 ng m™ mercury levels, within a range of 1.3 ng m=. The KOC
mercury data from 13 sites were collected using OPSIS device from 2013 to 2019.

First three years’ data were monthly mean and did not show any significant trend.
The following four years’ data had a gradual increase, while the concentration at six sites
doubled due to the presence of live sources in the vicinity of the respective locations.

EC (2001) tabulated a concentration of TGM in different locations in Europe from
1977 to 1999. The median values ranged between 1.35 and 8.6 ng m=, and the average of
TGM background concentration in the air throughout the world was about 1.5 ng m and
the mean concentrations of TGM at heavily impacted European locations ranged from 1.96
to 85 ng m=. Pirrone et al. (2001) reported TGM concentrations that averaged from 1.7—1.9
ng m= in the open sea atmosphere to 3 ng m™ in the coastal urban environment, as a result
of the completion of MED-OCEANOR project. Wangberg et al. (2016) discussed different
mercury species in the air, where mercury occurred as an atomic gas at normal
temperatures, similar to noble gases. Airborne mercury largely consisted of atomic
mercury, which was denoted as GEM. Mercury in the atmosphere constituted more than
98% of GEM and negligible amounts of Gaseous Oxidized Mercury (GOM). Mercury
atoms are relatively stable in the atmosphere and have a residence time of about one year.
This is long enough to allow transport on hemispherical scales before being oxidized and
leaving the atmosphere via wet or dry deposition.

The annual mean elemental mercury concentrations from KOC sites measured by
OPSIS showed the highest values in 2019. For the last four years’ period, the annual
mercury levels were in the range of 0.1 to 6.4 ng m with the only exception of Al-Ardiya
location, where the value was lower than that of heavily impacted sites in Europe, and the
annual mean values of elemental mercury were higher than the average of TGM
background concentration in the air throughout the world (EC, 2001).

Eight waves of passive sampling were repeated all over Kuwait covering desert,
borders, landfills, coastal, dental clinics, gold workshops, KNPC refineries, and KOC’s oil
installations. The PL faced many obstacles in placing the samplers in the right place but
was able to install them at a compromised place where measurements might not be
accurate. The measurement of mercury in ambient air was TGM, which mainly represented
elemental mercury. The results showed elevated values in some places confirming the
presence of a source in the vicinity of the sampling site. Landfill sites at Yarmouk and

Mina Abdullah had showed slightly higher values due to the disposal of 300- cm top layer
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soil polluted with mercury from old salt-chlor plant near Mina Al-Shuwaikh. Northern and
northeastern coastal samples also indicated elevated levels due to oil production and
associated flaring resulting in mercury emissions either from southern Iraqi oil fields or
northern Kuwait oil fields.

The average concentration of all data measured for the entire study period using
diffusive passive sampling technique was 2.31 ng m, similar to that reported elsewhere
(Khan et al., 2008). The elevated values of mercury reflected the presence of a nearby
source, either a power station or landfill/dumping site or upstream oil facilities, and
prevailing meteorological conditions, which dispersed the emissions. Fakour et al. (2010)
measured mercury levels in the scalp hairs of Iranian women having dental fillings, which
showed high levels, i.e., 1.28+1.38ug g or ppm. The highest mercury level (8.7 ng m,
was measured at Yarmouk landfill site during the spring season, while all other
measurements were near to the average value. All measured data for the entire study period
ranged from 0.8 to 8.7, from 278 samples, with an average value of 2.31, median value of
2.1, and mode value of 1.7 ng m=3. Standard deviation and standard error for the total
measured values were 0.95 and 0.061, respectively, reflecting the scatter in the data. The
distribution of the data showed a kurtosis value of 18.17 and a skewness value of 3.69.

Passive sampling provided data on the temporal and spatial distribution of mercury
levels over the entire State of Kuwait. EC (2001) tabulated the concentration of TGM in
different locations in Europe from 1977 to 1999. The median values ranged between 1.35
and 8.6 ng m™ and the average of TGM background concentration in the air throughout the
world was about 1.5 ng m= and TGM mean concentrations at heavily impacted European
locations ranged from 1.96 to 85 ng m™. Pirrone et al. (2001) reported TGM
concentrations averaging from 1.7—1.9 ng m™ in the open sea atmosphere to 3 ng m= in the
coastal urban environment, as a result of the completion of MED-OCEANOR project. The
current average concentrations of TGM were comparable to those reported elsewhere (EC,
2001).

The daily dust data measured using a sequential sampler placed in Ali Sabah Al-
Salem residential area, for seven years, were analyzed for mercury contamination mainly
from combustion processes in upwind private and governmental industries. The highest
annual TPM mean concentration was 106.3 pg m= in 2013, with an exclusive monthly
average range from 0.4 to 556.9 pg m= and the corresponding median value was 90 pg m.

The lowest annual mean concentration was 23.4 pg m= in 2017, with an exclusive range
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from 0.4 to 268.9 pg m and the corresponding median value was 17.9 pg m=. Seasonal
variation in TPM was similar to that reported in the literature (EC, 2001; Wan et al., 2009;
Xu et al., 2013), and high levels were noticed in winter and spring due to low average
temperatures resulting in the least dispersion and lower planetary boundary layer
substantiating mercury concentrations. In summer, TPM concentrations were low due to
the prevalence of frequent dust storms and elevated temperatures facilitating high
dispersion with the exception of 2014 and 2018, where the maximum TPM concentrations
were found in June and August, respectively, depicting excessive fuel combustion
activities resulting in significant mercury emissions. The general trend of annual mean
TPM concentrations showed a gradual decline due to the emission control strategies
applied by KNPC cutting down flares and reducing particulate matter by integrating the
latest technologies. The production of the oldest Al-Shuaiba refinery was stopped, which
was later decommissioned and scraped.

The other set of daily dust data from sequential samplers placed in Al-Ardiya
residential area, for three years, was analyzed for mercury contamination from power and
desalination industries in upwind location (Al-Doha). The highest annual concentration
was 31.3 pg m™ in 2018, with an exclusive monthly average ranging from 0.6 to 182.6 pg
m3, and the corresponding median value was 23.2 pg m™. The lowest annual concentration
was 18.9 pg m? in 2019, with an exclusive range from 0.2 to 78.3 pg m3, and the
corresponding median value was 16.8 pg m. The average TPM concentration measured in
the present research is similar to the background concentration of TPM reported at four
sites on the Mediterranean coast, given in the range of 3 to 23 pg m (Wangberg et al.,
2008), due to identical meteorological conditions prevalent in these areas and the presence
of similar power and petroleum industries. Similar seasonal effects were observed from
this set of data as reported earlier, that is, high levels in winter and spring depicting fuel
combustion activities and low values in summer, due to the presence of strong and dusty
wind dispersing and diluting TPM concentrations. It was not possible to depict any specific
trend from very limited data, for six months in 2017, ten months in 2018, and four months
in 2019. A long-term study with accurate measurements of emissions could provide a real
trend for the abatement of mercury emissions.

The analysis of the historical data showed monthly maximum mercury deposition
flux (MDF) of 3242 ng m? mo? in June 2011, at Liyah, and the second high flux was
3030 ng m2 mo, in May 2012 at Liyah, while at Al-Bahra and Boubiyan, MDF was lower
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than Liyah. In 2012, complete data for 12 mo from Liyah location showed that the
maximum MDF was observed in May, which was of almost the same order of magnitude
as that of the previous year.

The annual maximum MDF was calculated for 2011, as the data were incomplete
for a few months, and was 10690 ng m yr, observed at Liyah, while MDF was the lowest
at 570 ng m yr!, observed at Al-Bahra location. For 2012, dust fallout data were complete
at Liyah and showed a similar value of maximum MDF, i.e., 15717 ng m?2 y, reflecting
identical operations in the neighbouring southern Iragi and northern Kuwaiti oil fields.
There was random seasonal variation, mainly depicting the activities associated with
mercury emissions. In China and Europe, winter season had elevated levels of mercury
deposition due to high coal consumption in heating and high energy demand being fulfilled
by fossil fuels (Wan et al., 2009; Xu et al., 2013; EC, 2001).

The comprehensive measurements of monthly natural dust fallout at different
locations in the State of Kuwait were conducted from 2017 to 2019, to identify the most
probable sources of mercury emissions. In 2017, nineteen locations were sampled for the
period of seven months, from May to December 2017. The calculated annual average MDF
was about 7673 ng m? y* and the median value was 5655.3 ng m? y, measured from all
of the selected locations, and the annual maximum MDF was almost 2.2 times the annual
average MDF, which was observed at Al-Buhaith, assuring the predominant source from
the flares of southern Iragi and northern Kuwaiti Oil fields’ activities. The monthly MDFs
were high from October to November at Shagaya location and the highest MDF was
observed in December at Al-Buhaith, strongly influenced by the prevailing meteorological
conditions. There were significant values of MDF at Al-Shaheed Jerman in May and Al-
Tahreer in June.

In 2018, forty-two locations, most of which were along the international border of
Kuwait, were sampled for the entire year. The annual average MDF was about 19242 ng
m? y! and the median value was 15280 ng m2 y!, measured from all of the selected
border locations, and the annual maximum MDF was almost 7.3 times the annual average
MDF, which was observed at Shagaya, assuring the predominant source from Kra’ Almru
Oil fields’ activities. The monthly MDFs were high from April to August at Shagaya, the
the highest was observed in July, strongly influenced by the prevailing meteorological

conditions.
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In 2019, twenty-eight locations were sampled for the period of five months, from
January to May 2019. The calculated annual average MDF was about 13944 ng m y* and
the median value was 9305 ng m2 y, measured from all of the selected locations, and the
annual maximum MDF was almost 6.7 times the annual average MDF, which was
observed at Shagaya assuring the predominant source from the flares of Kra’ Amru oil-field
activities. The monthly MDFs were high from January to May at Shagaya location, and
the highest was observed in March, strongly influenced by the prevailing meteorological
conditions.

The annual mercury deposition fluxes were calculated from the annual dust fallout
values at different locations and had an increasing trend, based on three years’ data (2017-
2019), mainly due to the increased petroleum upstream activities.

Shagaya’s remote site was chosen to produce power using renewable sources,
which were present in abundance and were utilized to the maximum availability. This site
has very strong and gusty wind. The average wind speed for the Shagaya Wind Farm for
2017 and 2018 was 8.11 m/s and 8.15 m/s, respectively, (Al Nassar et al., 2019; Al-Nassar
and Neelamani, 2018) for most of the period making it suitable for harvesting excessive
energy to convert to power to be utilized by the Kuwaiti population. Strong wind and gust
transported large amounts of dust/sand from distant sources carrying different pollutants,
originating from distant sources.

The cluster analysis of mercury levels in the ground contaminated soil/sand
showed seven major probable sources: petroleum upstream activities in the north, south,
and west contributing to the mercury pollution through the flaring of gas, oil, oil-water
emulsion, and sludge containing oil, water, and sand; landfill sites; KOC; KNPC petroleum
downstream sites; and urban societal emissions. The highest average mercury level was
noticed in 2017, comprising western oil-field production followed by northern oil-field
production and petroleum downstream at KNPC. In 2018, the average mercury levels
decreased, consisting of the contribution from landfill sites and petroleum upstream from
northern, southern, and western oil fields. In 2019, the average mercury levels increased
from 2018 and reached almost the same levels of 2017, consisting of KOC where the site
of sampling was limited, and only covered booster station and oil recovery facility from
sludge followed by petroleum upstream from southern, western, and northern oil fields.

Real-time monitoring at OSC (KPC and Ministry of Oil Buildings) and KISR sites

revealed the presence of an upwind distant mercury emission source, namely, Al-Doha
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Power Desalination Plant, which uses crude oil during the peak load, i.e., July-August
2016, and and the consequence of the Oil Sector Workers Union’s industrial action in
Apirl 2016, which compelled power stations to be operated on crude oil emitting high
concentrations of the pollutants associated with crude oil. Mercury measurements over the
Arabian Gulf were very low, at less than 10 ng/m?. There was a slight increase near the
offshore oil rigs and near the passing ships confirming the source of mercury combustion
of fuel. Ambient mercury levels in oil industries were measured in two expeditions
conducted on 28 August 2017 and 5 October 2017. The results showed elevated levels of
mercury in the southeastern corner of petroleum refineries on 28 August, which were in
the range of 13.82-18.67 ng m, compared to other locations. On 5 October 2017, elevated
levels were measured on the northern side of petroleum refineries ranging between 16.04
and 21.48 ng m=, confirming the local source (combustion of fuel in open pit fire).
Mercury emissions were substantial from coal power stations and in the ash fallout, and
elevated gaseous mercury levels were detected in the downwind direction of coal-powered
power plants in Russia and Poland (Zasina and Zawadzki, 2017; Sloss, 2012). (Response to

the comments of EPA reviewers on the report is attached in Appendix P.)

Recommendations

1. Based on three years’ monitoring and mapping data for the atmospheric behaviour
of mercury levels, which are associated with health risk, a comprehensive
monitoring plan should be suggested for the accurate assessment of all mercury
species’ levels (TGM, RGM, and TPM) in air, and dry and wet deposition should
also be quantified using state-of-the art monitoring stations.

2. Mercury monitoring should be recommended to the GCC countries, to contribute
positively to the health of their nationals and to curtail emissions from power
sectors and petroleum upstream and downstream industries.

3. Mercury in soil and seafood must be measured for Kuwait and neighboring
countries, to minimize the health risk to Kuwait’s citizens and also to GCC

population.

354



10.

11.

Standard measurement methods must be developed with quality assurance/quality
control (QA/QC) procedures for the accurate assessment of mercury levels with
clear common guidelines for all GCC countries.

Mercury levels have indicated some hotspots for future monitoring stations, such as
Liyah, Shagaya, and other important locations, which have to be considered for
continuously monitoring mercury levels for the planning of mitigation strategies.
Inter-comparative measurements between neighboring states certify the authenticity
of the data and confirm the sources for mitigation applications.

Measurement data for Kuwait and neighboring countries must be compiled as a
database for GCC, to be shared and used for model development and predictions.
Domestic waste has to be segregated by citizens to be recycled most effectively and
each type has to be collected in different days or times. Batteries and other
appliances using mercury must be separated and collected to recover and recycle
mercury.

Large industries using fossil fuels must monitor the emission of hazardous
pollutants from the stacks periodically to abate pollution.

The data provided by the KOC was limited and the project team requested the KOC
authorities to share all raw data covering a broad spectrum, for a longer span, to
identify probable sources of mercury for mitigation.

In Kuwait, the data on the mercury content in fossil fuel from different venders

should be made available for the power generation sectors.
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Appendix A

Mercury in Kuwait Questionnaire — English and Arabic
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KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

GKISR

Mercury in Kuwait Questionnaire — Inventory and Release

This study is a joint project between Kuwait Institute for Scientific Research (KISR)
and Kuwait Public Authority for Environment (KEPA) in response to the United
Nations Environment Program in support of 'Minamata Convention on Mercury' to
protect human health and the environment from human emissions and releases of
mercury and its compounds. Information provided will help improve inventory
control measures and uses of mercury in Kuwait and treated as confidential.

Please mark V in the circle

Do you think these activities are

found in Kuwait

for each of the following activities ]
Always Sometimes No
I Extraction and use of fuels/energy sources
1 |The use of coal combustion in electricity production o © ©
2 | The use of coal for heating in the industrial sector o S S
3 | Burning coal to produce coke o © ©
4 | Petroleum extraction and refining o o o
Production and manufacturing of chemicals, ex. diesel, oil,
5 . ° o o
naphtha, gasoline, kerosene, propane, etc.
6 | Petroleum coke manufacturing o o o
7 | Polymer production o © ©
8 | The use of bitumen for asphalt in paving roads o o o
9 [Refining and natural gas extraction o © ©
10 | The use of natural gas in electricity production o S S
11 |Extraction of oil shale fuel o S S
Produce energy by burning biomass (agricultural waste, wood,
12 - ) o o
and waste from poultry and animal waste)
Geothermal power production, geothermal energy in
13 . o o o
underground reservoirs

Primary (virgin) metal production
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Please mark V in the circle

Do you think these activities are

found in Kuwait

for each of the following activities ]
Always Sometimes No
1 | Extract mercury from the mines = = o
2 | Gold and silver extraction with mercury-amalgamation process o © ©
3 | Gold extraction and processing other than mercury amalgam o ° °
4 Copper extraction or production of copper-rich substrate metal o o o
and initial processing
5 Lead extraction or production of lead-rich substrate metal and o o o
initial processing
5 Zinc extraction or production of zinc-rich substrate metal and o o o
initial processing
7 Aluminum extraction or production of bauxite and initial o o o
processing
Extraction and processing of other non-ferrous metals (ex.
8 ; o ) o
nickel)
Iron and steel production, melting iron to make iron sheets,
9 . . o o ©
panels, slides, rods, and rails
i Production of other materials with mercury impurities
1 | Cement production o S ©
2 | Lime production and light weight aggregate kilns o © ©
3 | Pulp and paper production o © S
v Use of mercury in industrial processes
1 | Chlor-alkali production with mercury-technology o © ©
1 | vinyl-chloride-monomer production with HgCl. as catalyst o ° S
3 | Acetaldehyde production with HgSO4 as catalyst o o S
Production of polymers with mercury compounds as catalysts
4 . o) o o
such as the production polyurethane to make foam/sponge
\/ Consumer products with intentional use of mercury
1 | Thermometers to measure body temperature (in hospitals) o o o
Thermometers to measure the ambient air temperature
2 . ) o o
(environment)
Thermometers in chemical laboratories and testing of
3 ) o o
petroleum products
4 Thermometers in industrial processes; ex. for control of marine ° . .
engines
5 Thermometers in control devices of some engines; ex. huge ° o o
diesel engines
6 | Electrical switches & contacts with thermostats used in HVAC o S S
7 | Electrical switches/contacts used as alarms in motor vehicles o © ©
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Please mark V in the circle

Do you think these activities are

found in Kuwait

for each of the following activities Always cometimes "
8 | Electrical switches used in washing machines & refrigerators o © ©
9 | Electrical switches used in some sport shoes with light beams o © ©
10 | Buoyancy switches & contacts used in drain and sink pumps o © ©
11 | Florescent tubular lamps (long) and compact fluorescent bulbs ° o o
12 | Mercury vapor lamps, sodium and neon lamps, street lightings o © ©
13 | Special lamps used in photography o S S
14 | Chemical analysis lamps (atomic adsorption & spectrophoto) o © ©
15 | Flat-panel computer monitors & TV taillights and halide lamps o © ©
16 |Sterilization lamps, ultraviolet lamps used in tanning leather o S S
17 | Mercury oxide batteries (zinc-mercury batteries) o © ©
18 | Batteries in the form of a button containing mercury o © ©
19 | Alkaline cell batteries containing mercury o © ©
20 | Biocides and pesticides (general) o S S
21 | Biocides and pesticides used as agricultural fertilizers o © ©
22 | Paints and coating (general) o S S
23 | Paints used for coating the structure of ships and boats o © ©
24 | Pharmaceuticals for human uses (ex. vaccine, eye drops) o S S
25 | Pharmaceuticals for veterinary uses o © ©
26 | Cosmetics & related products (skin-whitening creams, soaps) o S S
VI Other intentional products/process uses
1 | Dental amalgam fillings (mix of mercury, silver, copper, tin) o © ©
2 | Blood pressure manometers and gauges o o o
3 Environmental manometers and pressure gauges used in ° o o
meteorology
4 | Manometers and pressure valves used in industry o S S
5 | Chemicals & solvents, ex.blood gas analysis, thermal balance o o o
6 | Laboratory devices and equipment o © S
7 | Mercury use in religious rituals o © ©
8 | Mercury metal use in folklore medicine o o o
9 | Semiconductors use as infrared detectors o © ©
10 | Gyroscope devices with mercury o o o

359




Do you think these activities are
Please mark V in the circle found in Kuwait
for each of the following activities Always Sometimes "
11 | Pump discharge with mercury o © ©
12 | Refrigeration cooling systems o © ©
13 | Sea lighthouses as navigation lights o © ©
14 | Dyeing and coloring materials in leather tanning o © ©
Vil Production of recycled metals
1 | Production of recycled mercury from recycled eqip's and scrap o S S
2 | Production of recycled ferrous iron and steel from scrap o © ©
3 | Production of other recycled metals (aluminum, copper, zinc) o © ©
Vil Waste incineration

1 Incir_1eratior_1 of nqn-hazardous municipal, general, commercial, ° o o

and industrial solid waste
2 Incineration of hazardous_vyaste such as hydrocarbon_s, paints o o o

and dyes, chemicals, pesticides, batteries, fuels and oils

Incineration of medical and veterinary waste o © ©
4 | Sewage sludge incineration: municipal, agricultural, industrial o ° °
5 | Informal waste burning (fires in open land, drums) o © ©
IX Waste deposition / landfilling and waste water treatment
1 | Controlled landfills and waste deposits o © ©
2 | Diffuse deposal under some control: under roads, construction o S S
3 | Informal local deposal of industrial production waste o © ©
4 | Informal dumping of general waste o S S
5 | Waste water system/treatmentor in aquatic environments o © ©
X Cemeteries
1 | Cemeteries o S S
Xl Potential hot spots
1 |Closed and abandoned chlor-alkali production sites o o o
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Appendix B

Kuwait Environment Public Authority’s Letters Distributed Internally
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Appendix C

Kuwait Environment Public Authority’s Letters to Governmental Organizations and
One Private Company
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Appendix D

Kuwait Environment Public Authority’s Letters to Al-Souhub General Trading and
Contracting Company
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Appendix F
Letters to Kuwait Oil Company’s Hospital (Dental Clinic) in Ahmadi
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Appendix G

Letters to Kuwait Cement Company
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Huwait Institute for Scientific Rerearch @ Gole Jlnl o, Weygss Jlame o

Date : 14 tuly 2019 g
Ref. No.: ED/ELSRC 10/63/133 by e

Rashed Abdulaziz Al-Rashed
Chairman
Kuwait Cement Company

Dear Mr. Al-Rashed,

Subject: Project entitled “Measurement of Mercury Levels in Ambient Air with their
Probable Sources” — EM087C

Kuwait Environment Public Authority (KEPA) has requested Kuwait Institute for
Scientific Research (KISR) to conduct an extensive study on mercury pollution in order to
establish a standard baseline for mercury levels in air and to align Kuwait EPA with the latest
international trends in reduction of mercury emissions from its sources. The State of Kuwait has
become a signatory to the United Nation Minamata Convention on Mercury and the requested
information will be beneficial for the State of Kuwait. We appreciate if the following are

provided:
1. A visit to the main site
2. Types/Quantities of raw materials used such as coke, fuel, oil/gas, rock.
3. Raw materials and fuel samples (e.g. pebbles, coal, clinker and cement)
4. Fill out the attached questionnaire

Furthermore, we would be grateful if the Kuwait Cement company assigns a staff who
will be the focal point for Kuwait Cement Company for all the activities related to this project.
This will help in executing the project tasks smoothly and will assist in completing all the project
objectives as planned.

We would appreciate your kind understanding and support in this regard.

Yours sincerely,

Dr. Mohammeéd Al-Rashed
Acting Executive Director
Environment and Life Sciences Research Center

Www.Kisr.edu kw : ig,mem Wl asll = TEALTARY sl = TEAAR -+ 15 a1 — 13109 Slawall ~ cogsall YEAMC 10 o
P.O.Box 24885 Safat, 13109 Kuwait - Telephone: 24989000 - Fax: 24846891 - Website: www.kisr.edu.kw
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Page 10of 4

Your production facility for cement production with own clinker production has been identified as a

potential source for releases of mercury

In order to more accurately compile our national inventory please provide us with and enter your
data as requested in the table below. PLEASE FILL IN ALL THE BLANK BOXES IN THE TABLE BELOW.
Kindly provide available data from 2010 onward till date.

KUWAIT

Does your operation Yes or | Requested data Annual Year for
cover any of the following | No covering your production/use | data
activities? company’s activity in provided

Cement production

Tonnes cement
produced per year
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Page 2 of 4

We anticipate that you have the types of data requested above; should you however only have other
data types for the same operations, please provide us with these data with clear indication of the
units used.

For your production of cement (if any), please tick off (X) below the main air pollution control system
you have in place in your facility (choose the configuration that is closest to the configuration in your
facility):

For your production of cement, please describe your type of air pollution control system
setup:

Please also tick off (X) below the main air pollution control system you have in place in your facility
(choose the configuration that is closest to the configuration in your facility):

403



Page 3 of 4

Source sub- Mercury Explanation Tick of
category control name pollution
control system
in your facility
X)
Cement No filter
production
Simple Simple particle control with electrostatic
particle precipitators (ESP), particle scrubbers (PS)
control (ESP/ | or fabric filters (FF, also called bag filters)
PS/FF)
Optimized "Optimized" particle control with
particle fabric filters (FF) + selective non-catalytic
control reduction (SNCR)
(FF+SNCR/ | OR
FF+WS/ Fabric filters (FF)+ wet scrubbers (WS)
ESP+FGD / OR

optimized FF)

Electrostatic precipitator (ESP) + flue gas
de-sulphurisation (FGD)

OR

Optimized fabric filters (FF)

Efficient air
pollution
control
(FF+DS /
ESP+DS /
ESP+WS /
ESP+SNCR)

Efficient air pollution control with
fabric filters (FF) + dry scrupper (DS)
OR

Electrostatic precipitator (ESP) + dry
scrupper (DS)

OR

Electrostatic precipitator (ESP) + wet
scrupper (WS)

OR

Electrostatic precipitator (ESP) + selective
non-catalytic reduction (SNCR)

Very efficient
Hg pollution
control
(wetFGD+AC
1/
FF+scrubber+
SNCR)

Very efficient Hg pollution control with
wet flue gas de-sulphurisation (wetFGD) +
activated carbon injection (ACI)

OR

Fabric filter (FF) + scrubber + selective
non-catalytic reduction (SNCR)

Please also forward us, as feasible, any additional documentation for the numbers provided and
other information you may have at hand (e.g. direct measurements or information about emission

controls in place).
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Page 4 of 4

Name and location of facility:

Name and contact data for your contact person in case of questions:

Kindly return your reply to this questionnaire to Ms. Layla Al-Awadi NO LATER THAN 2 weeks from
receiving it:

Layla Al-Awadi

lawadi@kisr.edu.kw

CDS/ELSRC

Kuwait Institute for Scientific Research
P. O. Box 24885, 13109

Safat, Kuwait.

Tel. no.: +965-99812418

Thank you for your cooperation in this regard!

Sincerely

Ms. Layla Al-Awadi
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M/s. Kuwait Institute for Scientific Research,
P.O. Box 24885,

Code 13109 Safat,

KUWAIT.

Attn: Dr. Mohammed Al-Rashed, Acting Executive Director
Environment and Life Sciences Research Center

Ms. Layla Al-Awadi

Dear Sir/Madam,

Sub: Project entitled "Measurement of Mercury Levels in
Ambient Air with their Probable Sources — EM087C

We acknowledge receipt of your letter ref. ED/ELSRC 10/63/133 dated 14"
July 2019 regarding the subject matter, and have duly noted the contents therein.

As requested by you, please find attached herewith the questionnaire, duly
filled-in, along with the types and quantities of raw materials used in the enclosed
table. Also, you may visit our Cement Plant facility at East Shuaiba Industrial Area
and can collect the required samples during your visit to our facility.

Please be informed that the following gentleman will be the Company's focul
point for all the activities related to this project:

Eng. Saad Al-Suwaidan
Asst. Executive Director — Operations
Mobile# 9986-4744

Thank you for your co-operation.

Yours faithfully,
KUWAIT CEMENT COMPANY

iy

(Abdulmutaleb 1. Behbehani)
CHIEF EXECUTIVE OFFICER

AS ) -

UWAIT CEMENT COMPANY X

) Cy oSl Cila

Encl. as above
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Page 1 of 4

Your production facility for cement production with own clinker production has been identified as a
potential source for releases of mercury

In order to more accurately compile our national inventory please provide us with and enter your
data as requested in the table below. PLEASE FILL IN ALL THE BLANK BOXES {N THE TABLE BELOW.

Kindly provide available data from 2010 onward till date.

Does your operation Yes or | Requested data Annual Year for

cover any of the following | No covering your productionfuse | data

activities? company’s activity in provided
KUWAIT

Cement production Tonnes cement ASPER THE DATA SHEET

YES | produced per year
ENCLOSED
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Page 2of 4

We anticipate that you have the types of data requested above; should you however only have other
data types for the same operations, please provide us with these data with clear indication of the

units used.

For your production of cement (if any), please tick off (X) below the main air poliution control system
you have in place in your facility (choose the configuration that is closest to the configuration in your

facility):

For your production of cement, please dascribe your type of air poltution control system
setup:__As per the sheet enclosed.

Please also tick off (X} below the main air poliution control system you have in place in your facility
(choose the configuration that is closest to the configuration in your facility):
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Source sub- Mercury Explanation Tick of
category control name pollution
control system
in your facility
X)
Cement No filter
production
Simple Simple particle control with electrostatic
particle precipitators (ESP), particle scrubbers (PS) ‘/
control (ESP/ | or fabric filters (FF, also called bag filters)
PS/FF)
Optimized "Optimized" particle control with
particle fabric filters (FF) + selective non-catalytic
control reduction (SNCR})
(FF+SNCR/ | OR
FF+WS/ Fabric filters (FF)+ wet scrubbers (WS)
ESP+FGD/ | OR
optimized FF) | Electrostatic precipitator (ESP) + flue gas
de-sulphurisation (FGD)
OR
Optimized fabric filters (FF)
Efficient air | Efficient air pollution control with
pollution fabric filters (FF) + dry scrupper (DS)
control OR
(FF+DS/ Electrostatic precipitator (ESP) + dry
ESP+DS/ scrupper (DS)
ESP+WS/ OR
ESP+SNCR) | Electrostatic precipitator (ESP) + wet
scrupper (WS)
OR
Electrostatic precipitator (ESP) + selective
non-catalytic reduction (SNCR)
Very efficient | Very efficient Hg pollution control with
Hg pollution | wet flue gas de-sulphurisation (wetFGD) +
control activated carbon injection (ACI)
(wetFGD+AC | OR
1/ Fabric filter (FF) + scrubber + selective
FF+scrubber+ | non-catalytic reduction (SNCR)
SNCR)

Please also forward us, as feasible, any additional documentation for the numbers provided and
other information you may have at hand (e.g. direct measurements or information about emission

controls in place).
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Page d of 4

Name and location of facifity:
Kuwait Cement Company Factory, East Shuaiba Industrial Area

Name and contact data for your contact person in case of questions:
Eng. Saad Al-Suwaidan - Assistant Executice Director (Operations) - Mob: 99864744

Kindly return your reply to this questionnaire to Ms, Layla Al-Awadi NO LATER THAN 2 weeks from
receiving it:

Layla Al-Awadi

lawadi@kisr.edu.kw

CDS/ELSRC

Kuwait Institute for Scientific Research
P. 0. Box 24885, 13109

Safat, Kuwait.

Tel. no.: +965-99812418

Thank you for your cooperation in this regard|

Sincerely

Ms. Layla Al-Awadi
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Huwait Institute for Scientific Research @ G ol Jlcul

21 October 2019
Date : ED/ELSRC 14/63/218

Ref. No.:

Mr. Rashed Abdulaziz Al-Rashed
Chairman
Kuwait Cement Company

Dear Mr. Al-Rashed,

Subject: Mercury Emissions Information from Raw-materials and Cement Production

As per the above-mentioned subject, KISR team has visited cement factory at Shuaiba
Industrial Area on Sept. 26, 2019. We met Engr. Saad Al- Suwaidan and Executive Director,
Mr. Rajesh Kumar and we appreciate their kind support for arranging the tour of the
industrial laboratories and control rooms and explained the process details. They claimed that
there are no mercury emissions, all particulate matter from the bag filters and electrostatic
precipitators (ESP) was recycled to Klin to form clinkers.

Please provide the following informations

1.
2

Information about the efficiency of emission control devices (bag filters & ESP).

Test report from NAPESCO as a softcopy to use it in the report for Kuwait-EPA
project.

Full report from Fraunhofer UMSICHET prepared on March 20, 2017, as a softcopy
to use it in the report for Kuwait-EPA project.

Total PM concentration from the stack

Stack emission of flue gas and volumetric flow rate at given (P, T) from the top of
stack.

Detailed analysis of raw-materials and particular mercury concentrations that result in
mercury emissions during the production process? This vital information is required
for this project to access the mercury emissions.

Particulate matters samples that are produced during the process and collected on bag
filters and electrostatic precipitators from the stack in order to have it analyzed in
KISR laboratories.

We would appreciate your kind understanding and support in this regard.

Dr. Mohammed Al-Rashed
Acting Executive Director
Environment and Life Sciences Resear

Awaiting yqur reply.

Yours sincerely,

LWoyoSsJlamc o

SR |

==

PEd)y e

www.kisr.edu.kw : 59,5Vl adsll — YEALTARY @ yusold — YEAAR -+ + 105 ali — 13109 slauall — cassll YEAAS 10 o
P.O.Box 24885 Safat, 13109 Kuwait - Telephone: 24989000 - Fax: 24846891 - Website: www.kisr.edu.kw
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Appendix H
Kuwait Institute for Scientific Research’s Team Visit to the Kuwait Cement

Company
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Plate H1. Random pictures taken during KISR’s team visit to the Kuwait Cement
Company.
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Plate H2. Random pictures taken during KISR’s team visit to the Kuwait Cement
Company.
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Appendix |
Kuwait Institute for Scientific Research’s Team Visit to the Kuwait Oil Company’s
Oil Fields
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Plate 11. KISR’s team with fire resistant clothing, safety boots, and helmets worn
during the visit to KOC’s oil fields.
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Appendix J

Letters to Kuwait Petroleum Company and Kuwait Oil Company
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Appendix K

Diffusive Passive Sampling Technique
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Consult IVL

IVL offers analysis of gas concentrations in ambient
and indoor air using diffusive samplers. We can also
offer investigations to solve specific problems.

Applicability

e Mapping concentration
patterns in cities

e Air quality measurements
at remote sites

¢ Personal monitoring
e Indoor monitoring
e Corrosion studies

e Study of long-term trends
with no gaps in data

e Model validations
e Infrastructure planning

e Selection of sites for real-
time monitors [ | |

e Epidemiological studies

www.diffusivesampling.ivl.se
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Diffusive sampling technique

The technique is based on molecular diffusion of
gases. The gas molecules diffuse into the sampler
where they are quantitatively collected, which gives a
concentration value integrated over time.

Turbulent diffusion inside the sampler is avoided by
using a membrane at the inlet. Correct air concentra-
tions are obtained if theoretical sampling rates are
used.

AL WL
@ A
S0l

--------

Air concentration patterns being mapped in Johannesburg.

IVL's diffusive sampler is designed to avoid effects
from wind and humidity as well as interferences and
losses during storage. The samplers

are thoroughly tested and verified and continually
assessed. More components are added as needed.

The IVL laboratory is accredited according to ISO/
IEC 17025 and performs about 15.000 analyses for
diffusive samplers annually.
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Advantages

small, silent and light weight

does not need electricity

flexible with the exposure site location

samplers can be stored at room temperature

no skilled personnel needed at the sampling site
samplers are conveniently sent to IVL by regular
mail

analysed at IVL's accredited laboratories

www.diffusivesampling.ivl.se
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Passive particle sampler

Particular matter cannot be collected
guantitatively using diffusive sampling.
However, with a passive collector
particles with a high deposition rate
can be sampled and analysed.

This sampler has extensively been used
in connection with corrosion studies as
well as screening studies.

For more information about our passive
sampler, please visit our website
www.diffusivesampling.ivl.se

References

IVL's samplers have been used all over the world and
in various locations, for example:

¢ Emission inventory validation in Kathmandu
* Mapping of air concentration in Johannesburg
¢ Corrosion studies in Athens

* Studies of volcanic gases in Italy

More references and areas of use can be found on our
website www.diffusivesampling.ivl.se

427



Short history

Our diffusive sampler was first developed in 1989 by
IVL researcher Martin Ferm, who has developed
several sampling techniques, for example a horizontal
flux sampler for ammonia and a series of low cost
PM, samplers.

The first sampler including diffusion was the denuder,
used for measuring very low NH; concentrations and
first used in 1977.

www.diffusivesampling.ivl.se
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Gas Samplers

Nitrogen dioxide (NO,)

Ozone (0;) .
—
_ —

S

Two kits of samplers are available, one for indoor air
and one for corrosion studies. We also supply for
separate orders of individual samples.
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IVL Swedish Environmental Research Institute is Sweden’s
leading institute for applied research in the fields of climate,
energy, environment and sustainable growth.

IVL has accredited laboratories which ensure reliable, high
quality analyses.

Please visit our wehsites for more information:
www.diffusivesampling.ivl.se

www.ivl.se

Contact persons:
Karin Sjoberg
+46-31-725-6245
karin.sjoberg@ivl.se

Martin Ferm
+46-31-725-6224
martin.ferm@ivl.se

Gunilla Pihl-Karlsson
+46-31-725-6208
gunilla.pihl.karlsson@ivl.se

Swedish Environmental
Research Institute
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Appendix L
Letter to Kuwait Municipality
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Appendix M

Kuwait Environment Public Authority’s Letters to the Ministry of Education
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Appendix N
Calculation Procedure for PMaio and Total Particulate Mercury Levels in Air
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Sequential Samples of Dust Collected for 24 h

Air is sucked over at an average flow rate of 16.7 liter per minute or 16.7x107
x60x24 m® per day by a glass fiber filter for 24 hour and accumulated dust PMio

concentration is determined as daily mean value in micro-gram per cubic meter (ug m):

3

PM ( ,ugj _ (wt of thefilter after time t- wtof the filter before exposurej 10°
m

m3 16.7x1073x60x24
where wt. is in g and PM value is the daily mean in micro-gram (ug).

Using pyrolytic extension in Zeeman RA915+, mercury has been quantified as ppb:

e (3«5

Mercury is calculated in air as a daily average value by multiplying PM and mercury on

accumulated dust (from pyrolysis) as follows:

() (32

(p—%j Concentration is converted into volume units “Parts per quadrillions” by
m

multiplying with the ratio of molar volume (0.02445 m®) to Atomic Mass of Hg (200.6 g/

0.02445

gmole) = ( S00C ) as ppt.

- . R 0.02445x1000 24.45
Part per quadrillion (ppq) is 10°2° = ppt x 1000 :(%) (TO’;) = (%) (m) as ppq
Example : wt of filter after time t =0.6453 g

W1 before =0.6581 g

Wt of dust in 24 hours =0.0128 g or 12.8 mg
a): Daily dust concentration in ambientair = a = %: 5323 ug m*

b): Mercury concentration in dust sample (from pyrolysis) =b = (581;“9 ) or (58;"9 )

Daily mercury in ambient air = a x b =532.3 x 587 = 312460.1x10"® g m3=3.12x101%g

m-3

=0.312ng m* =312 pg m? =0.038 ppt = 38.0 ppq

Note:
= micro (u)g is 10, part per million (ppm) is 107,
= nano (n)g is 10y, part per billion (ppb) is 107,
*  pico (p)g 102%g, part per trillion (ppt) is 1012
= femto (f)g 105, part per quadrillion (ppq) is 10°%°
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Appendix O

Letters to the Environment Public Authority Staff for Training on Zeeman RA915+

Analyzer
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LUMEX

PROGRAM FOR TRAINING
MERCURY ANALYZERS RA-915M

Date Subject

Day 1

8:30-11:30 | Organizational issues.

Presentations and Discussion:
Lumex Mercury Analyzers Overview.

Lumex Mercury Analyzers. Applications.

Familiarization with the RA-915M mercury analyzer. Principles of operation,
appearance and functional controls. Operation with the console. Serviceability
check-up («Test» mode). Maintenance.

11:30-12:30 Break

12:30-16:00 | Familiarization with the RAPID software. Installation, user interface,
principles of operation.

Serviceability check-up procedure using software.

Mercury in air measurements. Monitoring of the mercury concentration in the
air using data logging in stand-alone and controlled by software modes.

Day 2

8:30-12:00 1‘ Mercury determination in the solid and liquid samples using thermal
| decomposition method (pyrolysis).

PYRO 915+ attachment. Design and operation.

Assembling the system. Pre-operational procedures and maintenance.

Measurement procedure using PYRO 915+ attachment.

Calibration for mercury determination in the solid samples (using solid CRM
of mercury).

Calibration using mercury ions stock solutions.

12:00-13:00 Break
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13:00-16:30 | QA/QC procedures

Practical works.

Solid samples analysis:

soil, sediments, dust filters, etc.

Day 3

8:30-12:00 Practical works.

Solid samples analysis:

soil, sediments, dust filters, etc.

Practical works.

Liquid samples analysis:

waste water, condensate and effluent water

Waste water, condensate and effluent water analysis.
12:00-13:00 Break
13:00-16:30 | High mercury concentration range.

Calibration.

Analysis of sludge and highly contaminated soil.

Day 4

8:30-12:00 Mercury measurements in crude oil and oil products.

Mercury measurements in foodstuff, agricultural products.
12:00-13:00 Break
13:00-16:30 | Mercury measurements in biological samples.

Thermoscanning.

Mercury thermospeciation in the solid samples.

Day 5

Verification procedure.

Questions and answers. Examination and consolidation of the information
obtained during training.
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Appendix P

Response to the Comments of Environment Public Aauthority’s Reviewers on the
Reports

445



Response to the Comments of EPA Reviewers on the Reports

The Project Leader (PL) and the Kuwait Institute for Scientific Research team
would like to thank and appreciate the reviewers for their valuable comments from the start
of the project till date. The PL has taken into consideration some of the comments while

some of them could not be considered as it required further study.

1. With reference to the comments from Reviewer No. 2 requesting for the
measurements of Hg levels in the ground soil/ sand to be measured near the
emission source of Hg (reference / background areas), please note that PL has
carried out measurements of the Hg levels in the ground soil/sand from important
areas in Kuwait, which cover the source and reference points. See section 9 of this
report.

2. Reviewer No. 2 of the third progress report has requested to mention the minimum
detection limit in application of passive samples produced by IVL Swedish
Environmental Research Center and mentioned that the total mercury must be
reported instead of the concentration. The Reviewer has also requested for the
accuracy of the method and that evidence was needed for the same. Please refer to
Section 6 of this report.

3. Reviewer has requested to do further research, namely, a study and a survey to be
conducted on other possible sources of Hg emission such as the following:

a. Three medical waste incinerators

b. Shuaibah hazardous waste incinerator

c. Desalination / power plants

d. Cement factories
Please note that this kind of emission inventory study is out of the scope of this
research study’s objective. Our study is to create a baseline of the Hg in ambient air
as seen in the objectives mentioned in the Proposal and the Final Report (please
refer to the objectives in this report).

4. Kuwait Environment Public Authority’s (EPA) staff have been trained on the
handling of Zeeman RA915+ analyzer and measuring of mercury content in the air,
soil, sludge, suspended dust, water, etc. (see Section 10). The EPA’s staff were

present during Hg measurements in the gold workshops but were unavailable for
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other tasks. A letter has been issued to return the instrument and the attachments to
EPA at the end of the project, as agreed in the contract.

The PL was requested to present the study from the beginning of the project until
the findings of the last report, i.e., the 3rd Progress Report. The presentation was
conducted at Kuwait EPA for the managers of various departments of EPA and the
concerned staff. All areas of the project (objectives, tasks, progress, etc.) were
covered in the presentation.

The PL has fully cooperated with the EPA staff in conducting the survey task.
There were many difficulties faced with various Kuwait governmental sectors as
mentioned in the limitations in each section of this report. Yet, the PL and the team
have tried their best to overcome these obstacles and to meet the objectives of the
project.

This extensive study of mercury concentrations in the ambient air of Kuwait will
establish a baseline (database) for mercury levels, to align with the latest trends in
the world related to the reduction of the emission of mercury used in various life
applications. This research study will serve the Kuwait EPA and the population of
Kuwait. The output of this research study will be useful for the Minamata Initial
Assessment Report for the State of Kuwait.

With reference to conducting workshops and environmental awareness, the PL and
Pl will arrange a presentation, which will include panel discussions and an
awareness talk in EPA for the staff and the public, after the completion of the
project. This will cover the project findings and create awareness on the probable

sources of mercury. KISR and EPA will cooperate to conduct this event.

447



References

Aba, A., A. M. Al-Dousari and A. Ismaeel. 2018. Atmospheric deposition fluxes of 137Cs
associated with dust fallout in the northeastern Arabian Gulf. Journal of
Environmental Radioactivity 192:565-572.

Abbas, T.; G. Gonfa; K.C. Lethesh; M.A. Mutalib; M. bt Abai; K.Y. Cheun; and E. Khan.
2016. Mercury capture from natural gas by carbon supported ionic liquids:
Synthesis, evaluation and molecular mechanism Fuel 177:296-303.

Al-Awadi, L., A.R. Khan and R. Al-Kandari. 2008. Trace metal mercury levels in
residential homes in Kuwait. American Journal of Environmental Sciences 4(1):
77-83.

Al-Dousari, A. M.; A. Aba; R. Misak; A. Ramadan; M. Ahmed; A. Ismaeel; and M.
Daihani. 2011. Monitoring and Assessment of Dust Fallout and Associated Pollen
within the State of Kuwait (EC063C). Report No. KISR 11044, Kuwait Institute for
Scientific Research, Kuwait.

Al-Dousari, A. M.; M. Ahmed; N. Al-Dousari; and R. Misak. 2015. Environmental
rehabilitation study of the Liyah refilled Quarries: Phase 1l (ECO85C). Report No.
KISR 13114, Kuwait Institute for Scientific Research, Kuwait.

Al-Dousari, A.M., and J. Al-Awadhi. 2012. Dust fallout in northern Kuwait, major sources
and characteristics. Kuwait Journal of Science 39(2A): 171-187.

Al-Majed, N.B., and M.R. Preston. 2000. Factors influencing the total mercury and methyl
mercury in the hair of fishermen of Kuwait. Environmental Pollution 109: 239—
250.

Al-Majed, N. B., and M. R. Preston. 2004. The distribution and inventory of total and
methyl mercury in Kuwait Bay. Marine Pollution Bulletin 49: 930-937.

Al-Nassar, W., S. Neelamani and H. Al-Dashti. 2019. Feasibility assessment of offshore
wind as an alternative source of energy for the state of kuwait. Energy 169:
783e796.

Al-Nassar, W., and S. Neelamani. 2018. Assessing the feasibility of offshore wind as an
alternative source of energy for the State of Kuwait (EA060C). Report No.
KISR14978, Kuwait Institute for Scientific Research, Kuwait.

448



AMAP/UNEP. 2013. Technical background report for the global mercury assessment
2013. Arctic Monitoring and Assessment Programme, Oslo, Norway/UNEP
Chemicals Branch, Geneva, Switzerland, vi + 263 pp.

Ambrose, D., and C.H.S. Sprake. 1972. The vapour pressure of mercury. The Journal of
Chemical Thermodynamics 4:603-620.

Bell, L., J. Di Gangi and J. Weinber. 2014. An NGO introduction to mercury pollution and
the Minamata Convention on mercury. International POPs Elimination Network
(IPEN).

Berg, T.; C. Dye; J.E. Hanssen; T. Krognes; J. Munthe; A. Reissell; J. Schaug; N.
Schmidbauer; A. Semb; K. Terseth; H.T. Uggerud; A. Aas; K. Aasargd; and L.L.
Berntsen. 2002. EMEP manual for sampling and chemical analysis. Available at
http://www.nilu.no/projects/ccc/manual/index.html, Accessed on 19 January 2017,

Bloom, N.S., and W.F. Fitzgerald. 1988. Determination of volatile mercury species at the
picogram level by low-temperature gas chromatography with cold vapor atomic
fluorescence detection. Analytica Chimica Acta 209:151-161.

Branch, U.C. 2008. The Global Atmospheric Mercury Assessment: Sources, Emissions and

Transport. Geneva: UNEP-Chemicals.

Brosset, C. 1987. The behaviour of mercury in the physical environment. Water, Air, and
Soil Pollution 34:145-166.

Clarkson, T. W., and D. O. Marsh. 1982. Mercury toxicity in man. In Clinical,

Biochemical, and Nutritional Aspects of Trace Elements. Edited by A. S. Prasad.
New York: Alan R. Liss, pp. 549-568.

Deepak, P.; S. Yong-Chil; K. Jeong-Hun; H. Ji-Hyung; and P. Jung-Min. 2014. National
inventory of mercury release into different phase media estimated by UNEP Toolkit
in South Korea. Atmospheric Pollution Research 5(4): 630-638.

D'ltri, F.M. 1972. Environmental Mercury Problem. Cleveland, Ohio: CRC Press.

Doll, B., B. M. Knickerbocker and E. Nucci. 2012. Industry response to the UN global
mercury treaty negotiations focus on oil and gas. In International Conference on
Health, Safety and Environment in Oil and Gas Exploration and Production.
Society of Petroleum Engineers: Perth, Australia.

Drasch, G.; S. Bose-O'Reilly; S. Maydl; and G. Roider. 2004. Response to the letter of the

Human Biomonitoring Commission., International Journal of Hygiene and
Environmental Health 207(2): 183-184.

449


http://www.nilu.no/projects/ccc/manual/index.html

Ebinghaus, R.; S.G. Jennings; W.H. Schroeder; T. Berg; T. Donaghy; J. Guentzel; C.
Kenny; H.H. Kock; K. Kvietkus; W. Landing; J. Munthe; E.M. Prestbo; D.
Schneeberger; F. Slemr; J. Sommar; A. Urba; D. Wallschlager; and Z. Xiao. 1999.
International field intercomparison measurements of atmospheric mercury species at
Mace Head, Ireland. Atmospheric Environment 33:3063-3073.

EC. 2001. Ambient air pollution by mercury (Hg). Position Paper, Working Group on

Mercury, European Commission, Luxembourg.

Edward, P. 2014. Global cement Environmental Standards, Global Cement Magazine
March 2014, 25-34. Available at http://www. globacement. com/magazine.
Accessed on 15 September 20109.

EPA, US. 1998. Method 7473 (SW-846): Mercury in solids and solutions by thermal
decomposition, amalgamation, and atomic absorption spectrophotometry, Revision
0. United States Environmental Protection Agency, Washington, DC.

EPA, US. 1997. Mercury study report to congress. Offices of Research and Development
United States Environmental Protection Agency — 452/R-97-003, Washington D.C.

Fakour, H., A. Esmaili-Sari and F. Zayeri. 2010. Scalp hair and saliva as biomarkers in
determination of mercury levels in Iranian women: Amalgam as a determinant of
exposure. Journal of Hazardous Materials 177(1-3):109-113.

Ferrara, R.; B. Mazzolai; H. Edner; S. Svanberg; and E. Wallinder. 1998. Atmospheric
mercury sources in the Mt. Amiata area, Italy. Science of the Total
Environment 213(1-3): 13-23.

Friberg, L., and J. Vostal, eds. 1972. Mercury in the Environment. Cleveland: CRC Press.

Gaffney, J.S., and N. A. Marley. 2014. Indepth review of atmospheric mercury: sources,
transformations and potential sinks. Energy and Emission Control Technologies 2:
1-21.

Hannah, M.; R. De Bdrca; I. Martin; and J. Jeffries. 2009. Soil Guideline Values for
Mercury in Soil. Bristol, UK: Environment Agency.

Hansen, J.C., and G. Dasher. 1997. Organic mercury: An environmental threat to the health
of dietary exposed societies? Reviews on Environmental Health 12(2):107-116.

Hilson, G. 2006. Abatement of mercury pollution in the small-scale gold mining industry:
restructuring the policy and research agendas. Science of the Total
Environment 362(1-3):1-14.

450



Hilson, G., C.J. Hilson and S. Pardie. 2007. Improving awareness of mercury pollution in
small-scale gold mining communities: challenges and ways forward in rural
Ghana. Environmental Research 103(2); 275-287.

Hines, M. E; F. Jadran; A. Isaac; and M. Horvat. 2006. Microbial mercury transformations
in marine, estuarine and freshwater sediment downstream of the Idrija Mercury Mine,
Slovenija. Applied Geochemistry 21:1924-1939.

Hoenig, V. 2017. ECRA's CCS Oxyfuel Project. Finance for Innovation: Towards the ETS
Innovation Fund. Electricity & Cogeneration Regulatory Authority, Brissel.
Hoffman, V. J., and S. Paulsen. 2009. Bay Area petroleum refinery mercury air emissions,
deposition, and fate. Western States Petroleum Association, Flow Science

Incorporated, 723 East Green Street, Pasadena, California 91101, USA

Hollebone, B. P., and C. X. Yaung. 2007. Mercury in crude oil refined in Canada.
Environment Canada, Ottawa, Ontario, Canada.

Hylander, L.D., A. Lindvall and L. Gahnberg. 2006. High mercury emissions from dental
clinics despite amalgam separators. Science of the Total Environment 362(1-3):74—
84.

Iverfeldt, A. 1991a. Occurrence and turnover of atmospheric mercury over the Nordic

countries. Water Air and Soil Pollution 56:251-265.

Iverfeldt, A. 1991b. Mercury in forest canopy throughfall water and its relation to
atmospheric deposition. Water Air und Soil Pollution 56:553-564.

Iverfeldt, A. 1991c. Long-term monitoring of the atmospheric mercury deposition in the
Nordic countries. IVL Report L91/232, Swedish Environmental Research
Institute, Giiteborg, Sweden.

Khan, A.R.; A.E. Hajiah; A. Ramadan; L. Al-Awadhi; B. Gevao; G. Maheswari; D. Al-
Nakeeb; and F. Al-Ghimlas. 2006. Indoor air quality and environmental assessment
study for the new Corportate Oil Sector Complex (EC042C). Report No.
KISR8078, Kuwait Institute for Scientific Research, Kuwait.

Khan, A.R.; L. Al-Awadi; M. Al-Rashidi; A. Ramadan; B. Gevao; M.A. Al-Hayi; K.R.
Beg; H. Al-Mansor; and S. Kazi. 2008. Provision of continuous monitoring and
reporting services — indoor and outdoor air quality of oil sector complex building
(EC056C). Report No. KISR9314, Kuwait Institute for Scientific Research, Kuwait.

Kock, H.H.; E. Bieber; R. Ebinghaus; T.G. Spain; and B. Thees. 2005. Comparison of

long-term trends and seasonal variations of atmospheric mercury concentrations at

451



the two European coastal monitoring stations Mace Head, Ireland, and Zingst,
Germany. Atmospheric Environment 39:7549-7556.

Kotnik, J., M. Horvat and T. Dizdarevic. 2005. Current and past mercury distribution in air
over the Idrija Hg mine region, Slovenia. Atmospheric Environment 39(39):
7570-7579.

Lamborg, C.H.; W.F. Fitzgerald; J. O’Donnell; and T. Torgersen. 2002. A non-steady-state
compartment model of global-scale mercury biochemistry with inter-hemispheric
atmospheric gradients. Geochimica et Cosmochimica Acta 66(7):1105-1118.

Landis, M.S.; R.K. Stevens; F. Schaedlich; and E.M. Prestbo. 2002. Development and
characterization of an annular Denuder methodology for the measurement of divalent
inorganic reactive gaseous mercury in ambient air. Environmental Science and
Technology 36: 3000—3009.

Lang, D., M. Gardner and J. Holmes. 2012. Mercury arising from oil and gas production in
the United Kingdom and UK Continental Shelf, Grant No. NE/G001219/1,
University of Oxford, Department of Earth Sciences, South Park Road Oxford OX1
3AN, United Kingdom.

Law, P.A. 1991. Code of Federal Regulations, 60, National Emission Standards of
Hazardous Air Pollutants.

Lu, J.Y.; W.H. Schroeder; T. Berg; J. Munthe; D. Schneeberger; and F.A. Schaedlich.

1998. Device for sampling and determination of total particulate mercury in ambient
air. Analytical Chemistry 70: 2403-2408.

Mashyanov, N.; S. Pogarev; T. Khodzher; V. Obolkin; and V. Potemkin. 2019. The first air
mercury monitoring over Lake Baikal. 14™ International Conference on Mercury as
a Global Pollutant, 8-13September 2019, Krakow, Poland.

Massoud, M. 2002. Environmental impact assessment of the oil sector complex building.
Kuwait Environmental Public Authority, Project Number. PO03 FA, Kuwait.
Massoud, M. S., and M. A. Al-Sarawi. 1999. Environmental impact assessment of the
construction works of the oil sector complex project offshore Al-Shuwaikh coast;
Phase 1. Hydrodynamic conditions, air and water quality and mercury pollution

levels before construction, Environmental Public Authority, Kuwait.

MEW. 2017. Electrical Energy 2017 - Statistical Year Book. State of Kuwait: Statistics

Department and Information Center, Ministry of Electricity and Water.

452



Mitra, S. 1986. Mercury in the ecosystem: its dispersion and pollution today. In Mercury in
the Ecosystem: Its Dispersion and Pollution Today. Aedermannsdorf,
Switzerland: Trans Tech. Publications.

Munthe, J.; 1. Wéngberg; S. Rognerud; E. Fjeld; M. Verta; P. Porvari and M. Meili.
2007. Mercury in Nordic Ecosystems. IVL Swedish Environmental Research
Institute, Stockholm, Sweden.

Munthe, J.; I. Wangberg; N. Pirrone; A. lverfeldt; R. Ferrara; P. Costa; R. Ebinghaus; X.
Feng; K. Gardfelt; G. Keeler; E. Lanzillotta; S.E. Lindberg; J. Lu; Y. Mamane; E.
Nucaro; E. Prestbo; S. Schmolke; W.H. Schroeder; J. Sommar; F. Sprovieri; R.K.
Stevens; W. Stratton; G. Tuncel; and A. Urba. 2001. Intercomparison of methods for

sampling and analysis of atmospheric mercury species. Atmospheric Environment
35:3007-3017.

Nagpal, N.; S. S. Bettiol; A. Isham; H. Hoang; and L. A. Crocombe. 2017. A review of
mercury exposure and health of dental personnel. Safety and Health at Work 8(1):1—
10.

Nublein, F.; E.A., Feicht; S. Schulte-Hostede; U. Seltmann; and A. Kettrup. 1995.
Exposure analysis of the inhabits living in the neighbourhood of a mercury-
contaminated industrial site. Chemosphere 30(12):2241-2248.

Ogrinc, N. 2006. Final MERCYMS report. Pirrone Nicola Institute for Atmospheric
Pollution of the National Research Council (CNR-I1A) Division of Rende, UNICAL-
Polifunzionale, 87036 Rende, Italy.

Pacyna, E.G.; J. M. Pacyna; K. Sundseth; J. Munthe; K. Kindbom; S. Wilson; F.
Steenhuisen; and P. Maxson. 2010. Global emission of mercury to the atmosphere
from anthropogenic sources in 2005 and projections to 2020. Atmospheric
Environment 44(20):2487-2499.

Petersen, G., A. Iverfeldt and J. Munthe. 1995. Atmospheric mercury species over Central
and Northern Europe; model calculations and comparison with observations from
the Nordic Air and precipitation network for 1987 and 1988. Atmospheric
Environment 29:47-67.

Pirrone, N., F. Sprovieri and E. Pesenti. 2001. MED-OCEANCR Project-Technical Report.
Workshop in Data Analysis URANIA Oceanographic Mediterranean Compaign-
Summer 2000. 20-27 Febbraio 2001, Pisa, Italy.

453


https://www.google.com/search?client=firefox-b-d&q=Stockholm&stick=H4sIAAAAAAAAAOPgE-LRT9c3NEypzCrPTSlS4tDP1Tcwy60o1jLKKLfST87PyUlNLsnMz9PPL0pPzMusSgRxiq0yUhNTCksTi0pSi4oVcvKTwcKLWDmDS_KTszPyc3IBdLOg9VoAAAA&sa=X&ved=2ahUKEwjFlo_WwMnmAhVHZ8AKHVqmBqcQmxMoATAPegQIERAK

Sarkar, S., D. P. Kanungo and G. S. Mehrotra. 1995. Landslide hazard zonation: a case
study in Garhwal Himalaya, India. Mountain Research and Development Journal
15(4):301-309.

Schroeder, W.H., and J. Munthe. 1998. Atmospheric mercury—an overview. Atmospheric
Environment 32:809-822.

Seigneur, C.; K. Vijayaraghavan; K. Lohman; P. Karamchandani; and C. Scott. 2004.
Global source attribution for mercury deposition in the United States. Environmental
Science and Technology 38(2):555-569.

Shodor Education Foundation. 1994. Threshold concentration of mercury: Examining a
pollutant. Available at http://www.shodor.org/workshops/grdwtr/exploration4.shtml.
Accessed on 17 October 2019.

Singh, S., and V. Prakash. 2007. Toxic environmental releases from medical waste

incineration: a review. Environmental Monitoring and Assessment 132(1-3):67-81.

Slemr, F.; E.G. Brunke; R. Ebinghaus; C. Temme; J. Munthe; I. Wangberg; W. Schroeder;
A. Steffen; and T. Berg. 2003. Worldwide trend of atmospheric mercury since 1977.
Geophysical Research Letters 30(10):1561.

Sloss, L. 2012. Legislation, Standards and Methods for Mercury Emissions Control. IEA

Clean Coal Centre, London, United Kingdom.

Sommar, J.; . Wangberg; T. Berg; K. Gardfeldt; J. Munthe; A. Richter; A. Urba; F.
Wittrock; and W.H. Schroeder. 2007. Circumpolar transport and air-surface exchange
of atmospheric mercury at Ny-Alesund (79°N), Svalbard, spring 2002. Atmospheric
Chemistry and Physics 7:151-166.

Spiegel, S.J. 2009. Socioeconomic dimensions of mercury pollution abatement: Engaging
artisanal mining communities in Sub-Saharan Africa. Ecological Economics 68(12):
3072-3083.

Steverson, E. 1991. Provoking a firestorm: Waste incineration. Environmental Science and

Technology 25(11):1808-1814.

Tao, H.; T. Murakami; M. Tominagaa; and A. Miyazakia. 1998. Mercury speciation in
natural gas condensate by gas chromatography inductively coupled plasma mass
spectrometry. Journal of Analytical Atomic Spectrometry 13:1085-1093.

Tsubaki, T., and H. Takahashi, eds. 1986. Recent Advances in Minamata Disease Studies:

Methylmercury Poisoning in Minamata and Niigata, Japan. Tokyo: Kodansha.

454


http://safat.kisr.edu.kw/owa/redir.aspx?C=Md-vaJeqnMrf8Fx6CT2MBISUb1QBo489Q52Je7QWWrC4vjn2kVvXCA..&URL=http%3a%2f%2fwww.shodor.org%2fworkshops%2fgrdwtr%2fexploration4.shtml

UNEP Chemical Branch. 2013. The global atmospheric mercury assessment sources:
Emissions and transport. UNEP-Chemicals, Geneva, Switzerland.

UNEP. 2013b. Minamata Convention on mercury: Text and annexes. United Nations,
Geneva, Switzerland.

UNEP. 2013a. Global mercury assessment 2013: Sources, emissions, releases and
environmental transport. UNEP Chemicals Branch, Geneva, Switzerland.

Wan, Q.; X. Feng; J. Lu; W. Zheng; X. Song; P. Li; S. Han; and H. Xu. 2009. Atmospheric
mercury in Changbai Mountain area, northeastern China Il. The distribution of
reactive gaseous mercury and particulate mercury and mercury deposition
fluxes. Environmental Research 109(6):721-727.

Waéngberg, 1.; U. Hagestrom; J. Sommar; and M. Ferm. 2016. Development and testing of
a passive sampler for measurement of gaseous mercury. Atmospheric Chemistry
and Physics doi:10.5194/acp-2016-528.

Wangberg, 1.; J. Munthe; N. Pirrone; A. Iverfeldt; E. Bahlman; P. Costa; R. Ebinghaus; X.
Feng; R. Ferrara; K. Gardfeldt; H. Kock; E. Lanzillotta; Y. Mamane; F. Mas; E.
Melamed; E. Nucaro; Y. Osnat; E. Prestbo; J. Sommar; G. Spain; F. Sprovieri; and

G. Tuncel. 2001. Atmospheric mercury distribution in northern Europe and in the
Mediterranean region. Atmospheric Environment 35:3019-3025.

Wangberg, 1.; J. Munthe; R. Ebinghaus; K. Gardfeldt; A. Iverfeldt; and J. Sommar. 2003.
Distribution of TPM in Northern Europe. Science of the Total Environment 304:53—
59.

Wangberg, I.; L. Barregard; G. Séllsten; M. Haeger-Eugensson; J. Munthe; and J. Sommar.
2005. Emissions, dispersion and human exposure of mercury from a Swedish chlor-
alkali plant. Atmospheric Environment 39:7451-7458.

Wangberg, I.; J. Munthe; D. Amouroux; M.E. Andersson;V. Fajon; R. Ferrara; K.
Gardfeldt; M. Horvat; Y. Mamane; E. Melamed; M. Monperrus; N. Ogrinc; O.
Yossef; N. Pirrone; J. Sommar; and F. Sprovieri. 2008. Atmospheric mercury at
mediterranean coastal stations. Environmental Fluid Mechanics 8:101-116.

Wilhelm, S.M., and N. Bloom. 2000. Mercury in petroleum. Fuel Processing Technology

63(1) 1-27.

Wilhelm, S.M., L. Liang and D. Kirchgessner. 2006. ldentification and properties of

mercury species in crude oil. Energy Fuels 20(1):180-186.

455



Won, J. H., and T. G. Lee. 2012. Estimation of total annual mercury emissions from
cement manufacturing facilities in Korea. Atmospheric Environment 62: 265-271.
WSPA. 2009. Bay Area petroleum refinery mercury air emissions, deposition, and fate.
Prepared for the Western States Petroleum Association by Environmental Resource
Management and Flow Science Incorporated, California.
Xu, L.; J. Chen; Z. Niu; L. Yin; and Y. Chen. 2013. Characterization of mercury in
atmospheric particulate matter in the southeast coastal cities of China. Atmospheric
Pollution Research 4(4): 454-461.
Zahir, F.; SJ. Rizwi; S.K. Haz; and R.H. Khan. 2005. Low dose mercury toxicity and
human health. Environmental Toxicology and Pharmacology 20:351-360.

Zasina, D., and J. Zawadzki. 2017. Mercury air emission from coal-fired public power
sector: uncertainty and its monthly distribution. case study from
Poland. Environmental Modeling & Assessment 22(6):577-589.

456



