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Abstract:

The main objectives of present study are to evaluate the trace elements pollution in the sediment of
the Tigris River and drainage canals in Wasit Governorate, lraq. Assessment of trace elements pollutants
were conducted for 18 sediment samples collected in March 2017. Trace elements were analyzed in sediment
Tigris River samples in Wasit Governorate. This metal pollution was evaluated using geo-accumulation (I-
geo) index, Contamination Factor (CF) and Pollution Load Index (PLI). According to these statistical
indices, the sediments collected from Tigris River in the study area are highly polluted with Titanium (71.9
ppm), Nickel (226.6 ppm) Chromium (425.2 ppm), Cadmium (2ppm) and Molybdenum (15.8 ppm) while
the sediments were moderately polluted with Cobalt (25.1 ppm), Strontium (839.3 ppm), Copper (56.2),
Manganese (106.1ppm), Vanadium (135 ppm), Niobium (9.79 ppm). However, the sediments of the Tigris
River is not polluted by Lead, Barium, Gallium, Rubidium and, Zinc. Metals concentration levels in the
sediments of the drainage canals that discharged into the Tigris River showed higher concentrations than

the Tigris sediments in Ta, V, Ni, Cu, Ga, Br, Sr and Mo.

Key words: Contamination, Contamination factor, Mineralogy, Pollution load index, Trace elements.

Introduction:

Trace elements are introduced into river
water  either  autochthonous  or  through
anthropogenic sources introduced into river water
(1). Metals that are naturally introduced into the
river come primarily from sources such as rock and
mineral weathering, and the dissolution of water-
soluble salts. Heavy metals may be incorporated
into the aquatic system from anthropogenic sources
such as solid and liquid wastes of industries. Some
degree of contamination may be caused from fall
out of industrial emissions from the atmosphere (1).
The Tigris River crosses longitudinally through the
province from the north to the south for a length of
327 km, where most of the districts distributed
along its bank (2). Water from the Tigris is mainly
used for agricultural uses. Water quality in the basin
is primarily threatened by rising salinity rates
resulting from intensive irrigated agriculture and
high evaporation rates (3). Pollution of rivers and its
sediments are caused by toxic pollutants that have
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direct adverse effect on aquatic biota and by
pollutants that indirectly affect aquatic biota like
human and animal waste due to bacterial action on
them, dissolved oxygen is used up which harms
aquatic biota. Heavy metals which represent a
potential hazard and occur in contaminated
sediment Cd, Cr, Pb, Zn, Fe and Cu. The
assessment of sediment enriched with elements can
be achieved by various ways. Most common are the
index of geo-accumulation (I-geo) and pollution
load index (PLI) (4). This index is a quick tool to
compare the pollution status of different places (4).
The I-geo is a quantitative measure of the degree of
pollution in aquatic sediments (5) and has been
widely used as a measure of pollution although the
pollution load index (PLI) represents the number of
times by which the heavy metal concentrations in
the sediment exceeds the background concentration
(5) In addition, the I-geo values of the surface
sediments of Shatt Al-Arab River classified the
rivers sediments as moderately polluted with Ni (6).
Wasit Governorate represents 17.153 km? in area.
The main source of water in Wasit province is the
Tigris River with a length of 327 km within the
borders of the province (7). The importance of the
problem of the study can be formulated as follows:
products from most of the industrial activities and
wastewater of sewage, rainfalls and thermal power
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plant pipes and major industrial projects are liquid,
solid or gas, as well as car exhaust and products of
fuel combustion and produced elements are added
to the environment, which are harmful or toxic
when they are released directly and without
treatment. The importance of the river for different
uses as well as no past or pervious environmental
study assessments of Wasit Governorate especially
on toxic heavy metals and discharges of these
pollutant in to Tigris River directly without any
treatment, therefore, the main objective of this study
is evaluate the pollution of heavy elements of the
Tigris River sediments in this area.

Geological Setting

The platform part of the Iraqgi territory is
divided into two basic units; the Stable and
Unstable Shelf. The Stable Shelf is characterized by

reduced thickness of the sedimentary cover and by
the lack of folding. The Unstable Shelf has a thick
and folded sedimentary cover, the mesopotamian
basin covered by aeolian and fluvial plain deposits
of the Tigris and Euphrates Rivers (8).

Wasit region is located within the unstable
Shelf. The northeastern part is characterized by the
high mountain along the Iranian- Iragi borders
which are within low folded zone and other parts of
Wasit governorate in Mesopotamian zone. The
mesopotamian plain is covered mostly by
quaternary deposits and is considered as a part of it.
The old geological outcrops in the area belong to
the Pliocene age represented by Bai Hassan and
Mukdadiya Formations show in Fig.1. From the
topographic point of view the area can be divided
into two regions. The highly area in the northeastern
part and the Mesopotamian plain area (9).
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Figurel. Geological map of study area (10)

Materials and Methods:
Study area

Wasit Province is located in the southern part of
the central region of Iraq between 31.934210-
33.486720 N and 44.533030-46.597930 E. Wasit is
intersected by the Tigris River, where most of the
districts and areas of the province are located on
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both banks of the river. Present study covered
sediments of Tigris River. Its branches and
drainages canal throughout Al Suwayra to Al-hayy
district in this region (Fig.2). Wasit has a dry, desert
climate, with temperatures easily exceeding 43°C in
summer. Rainfall is scarce and concentrated in the
winter months (11).
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Figure 2. Sampling map of study area based on Arc map program 10.5 (map of Iraq scale 1:1000000)

Field and Sampling Works

Samples of sediments were taken from fifteen
sediments (covering the sediments of Tigris River
in Wasit Governorate) as well as three drainages
canals sediment samples during March 2017. The
samples were collected using clean plastic scoop
and stored in polyethylene bags. Sample sites are

selected on the base of cities distribution, populated
community, wastewater drainage sites (thermal
power plant), seepages, and other affected sites like
agricultural areas on both banks of the Tigris River
(Table 1).Geological formations, topography, and
drainage system are clearly observed during field
trip in order to assist in data interpreting.
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Table 1. Geographic coordination of sampling location

Number Samples Station N E
1 1SUT Al Suwayra Sediment Tigris 32.92094 44795635
2 27T Taj Aldin Sediment Tigris 32.985134 44.859647
3 5ShT Sediment Tigris Al Shuhaymiya 32.901216 45.065334
4 AAZT Al Aziziya Tigris 32.753249 45.215423
5 5ZDT, Al Zubaydia Tigris Sediment 32.793793 45.088591
6 6ZDT, Al Zubaydia Tigris Sediment 32.770125 45.113997
7 7ZDTa Al Zubaydia Tigris Sediment 32.794961 45.088997
8 8NMT Al Numaniya Tigris Sediment 32.55492 45.420234
9 9AHT Al Ahrarr Tigris Sediment 32.527463 45.604188
10 10KT, Al Kut Tigris Sediment 32.5058 45.806376
11 11KT, Al Kut Tigris Sediment 32.486788 45.826392
12 12KT, Al Kut Tigris Sediment 32.497285 45.816092
13 13WaT Nahyat Wasit Dujaila Sediment 32.518771 46.405741
14 HYT14 Al Hayy Al Garaf Sediment 32.171627 46.038678
15 15SdT Sheik Saad Tigris Sediment 32.571094 46.274087
16 16LDT Drainage sediment Al-ling Taj Aldin 32.998749 44775478
17 17 HDT Taj Aldin Halata Drainage sediment 32.924245 44912627
18 18 AZDT Al Aziziya Drainage sediment 32.885738 45.087754
Laboratory Works (PLI)=nV (CF1xCF2x CF3x...xCFn)....3

Sediment samples were air-dried in a circulating
oven at 30 °C and thereafter sieved mechanically
using a 2 mm, sieve and homogenized (12). The
river and drainages canals sediments collected were
analyzed using X- Ray diffraction (XRD) for
mineralogical identification. Trace elements are
analyzed in the lrag German laboratory spectra
Germany 2010 By XRF technique. XRF is fast
method, accurate and non- destructive and usually
requires only minimum of sample preparation,
element oxides were estimated by this manner.
Grain size analysis is achieved by pipette analysis
method (13).

Software (Calculations and Statistical Package)

The following equations were used to evaluate
the elements pollution and the calculations by
Microsoft excel of the index criteria for the
sediment collected along the Tigris River in Wasit
Province. Geo-accumulation index is:

1- l-geo = Ln (Cn / 1.5 Bn)...1 Where: Ln= the
notations "In x" and "loge x" bot h refer
unambiguously to the natural logarithm of x. "log
x" without an explicit base possibly will also refer
to the natural logarithm. This usage is common in
mathematics and certain scientific contexts in
addition to in many software design languages. Cn
= Measured concentration of heavy metal in the
Tigris river sediment Bn Geochemical
background value according to (14) based on clay
partition ratio of element n.

2- Contamination Factor

(CF)=C metal/C background value ....2

3- Pollution Load Index

12

Where: CF = Contamination Factor, n= number of
metals. C metal metal concentration in
contaminated sediments, C Background value =
Background value of that metal according to (14)
based on clay fraction ratio.

Results and Discussion:

Grain size analyses

One of the fundamental and most ubiquitous tests
undertaken during the analysis of sediments in
geological investigations is that of grain size
distribution analysis, It's used to identify source of
sediments, specifies the physical features of the
sediment depending on several variables in which
granular size is the most important among them in
classifying  sediment fragment, fine-grained
sediment is a natural and essential component of
river systems and plays a major role in the
hydrological, geomorphological and ecological
functioning of rivers (15).The transportation of the
sediment from its source or sources will further
affect the grain size distribution of the final sample.
The clastic sediments are usually fine-grained
consisting of clay-silt and sand particles. These are
mainly derived from surface runoff depression,
either from flows of water or from standing water
bodies (16).

Seven samples were selected to represent the
study area for grain size analyses; to identify the
percentage of the clay fraction because the clay
fraction in the river sediments have the ability to
attract trace elements within the crystalline
structure, also within the exchangeable ions,
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furthermore the adsorption of heavy metals on its
surfaces (17). Any enclosed large flat-bottomed
depression area, without vegetation, covered by fine
and very fine sediments accumulated during very
long time due to physical and chemical weathering
of rocks from high surrounding areas flooded in wet
seasons in area (16). In this study, the clay fraction

content is the highest followed silt and sand. The
fine clay fractions which are deposited provide a
large surface area, thus its hold high quantities of
heavy metals from the polluted water of the river.
Studied samples are appeared in mud class
according to (13) (Table 2).

Table 2. Grain size analysis of selected surface sediments samples of the Tigris River and drainage

canals in Wasit Governorate

Number Sample Name Station Sand SOI/(IJt Clay
1 1SUT Al Suwayra district 5.2 42.4 52.4
2 2TJ Taj Aldin district 4.6 36.8 58.6
3 10KT kut district 8.1 44.2 47.7
4 13WAT Nahyat wasit 4.9 40.6 54.5
5 14HYT Al Hayy district 7.7 42.0 50.3
6 15SdT Sheik Saad district 8.4 40.6 52.5
7 16LDT Al- Ling Drainage 4.2 39.3 56.5
8 Range - 4.2-8.4 36.8-44.2 47.7-58.6
Mineralogy: Calcite (43. 2%) is one of the most common

Trace elements in primary silicate minerals, from
which they may be released from crystals lattice of
these minerals by chemical weathering (hydrolysis
process) in river sediments, trace elements
concentration in the River sediments are capable of
changing with time and conditions (18). In General,
Wasit Governorate, near Kut city's of XRD of
sediments soil illustrates the high percentage of
calcite and quartz, as well as various non-clay
minerals which are (Dolomite, Gypsum, and
Halite), whereas the clay minerals are (Phengite,
Muscovite, Palygroskite, Illite and Chloride (19).

The present study, XRD technique used to study
the clay and non- clay mineralogy and chemical
characteristics of the river sediments (Fig.3): Non-
clay minerals Quartz (22%) is considered a resistant
mineral during weathering processes for a long-
distance transportation. Feldspar (Albite 8.4%0) is
altered into clay mineral during chemical
weathering such as kaolinite and Illite (20).
Therefore, the stability of feldspar minerals refers to
short distance transportation. Carbonate minerals

13

minerals on the surface of the earth, formed in many
different geological environments. The Dolomite
(5.2%), Calcite and dolomite are formed during
many chemical and physical processes. Clay
Minerals are significant to indicate the alterations in
sedimentary environments when difference in the
quality of clay minerals and in the distribution of
stratification column, The types of clay minerals are
controlled by the climate and the rocks source
quality (21). Clay minerals owns several qualities
that make them relevant in environmental studies,
including that some clay minerals swell easily to
double their thickness when hydrated and then
increase their ability to adsorb ions from aqueous
solutions and release these ions later when
environmental condition change(21). Clay
minerals are transported as classic material from the
surrounding area, kaolinit(4.9%), palyogorsite
(2.4%), illite (5.8%) and chlorite (8.2%) are
characterized in XRD examination in the clay
minerals of the selected study sediments samples.
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Figure 3. X-ray diffract graph of Tigris river sediments (Kut City, Sample 10KTa)

Evaluation of trace elements pollution

An associated geochemical process plays an
important role in the deposition of trace and heavy
elements from the water column to the bottom
sediments such as physical,, chemical and
biological conditions in an environment such as
temperature, state of matter, acidity (pH), reduction-
oxidation (redox) potential, bacterial activity. These
elements are found in natural sediment in a minor
ratio and their concentration increases in the
environment as a result of human activities and the
concentrations may increase due to levels to human
and wildlife water pollution (22). In Iraq, the
slightly moderate pollution of sediments occur as a
result of anthropogenic activities including, oil
spilling, and toxic wastes that are discharged to the
main rivers (23). The contamination is resulting
from human activities especially the agriculture
processes, decomposition of the solid waste,
sewage, and polluted air. This indicate that the
agriculture operations, domestic sewage effluents,
the human activities especially agriculture, sewage,
garbage, and desalination plants and waste water
represent the main sources of the contamination
with contribution from the natural sources (24). The
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possible sources of contaminated sediments: some
solutes are of anthropogenic sources (mainly
fertilizers and petroleum extraction wastes), and
others are from natural sources (25), trace elements
in sediment might originated from in one or more of
the resulting forms: Soluble in sediment solution,
exchangeable in organic and inorganic constituents,
as structural components of the sediment minerals
lattices, as insoluble precipitates with other
sediment components as complexes.

Concentrations of some studied trace
elements in the Tigris River sediments (ppm) in
comparison in the sediments from drainage canals
of the study area is presented in Table 3. The
Contamination Factor (CF), (I-geo) and pollution
load index (PLI) and geo-accumulation index were
employed to evaluate the pollution of metals in the
Tigris river and drainages canals sediment in study
area. The geochemical investigation suggested that
source of trace elements was natural in origin.
Although the water of drainage canals receives
significant amount of anthropogenic sources
through land use activities, it seems, they are still
not considered as major factor for pollution as
compared with natural source (26).
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The concentrations of heavy metals in
sediments variy according to the rate of particle
sedimentation, the rate of heavy metals deposition,
the particle size and the presence or absence of
organic matter in the sediments, Fig. 4 shows the
distribution of Mn, Sr, Ni, Rb, Co, Cu and Zn in the
sediments of the Tigris River may be incorporated
into carbonate and in that way transported from
solution into the sediment under reducing
conditions (16). The mean concentrations of Mn, Sr,
Cr, Ni, V, Zn are mainly higher than global surface
sediments according to (27) except Pb, Ba, and Nb,
which were lower than this global Ilimit.
Concentrations of heavy metals (Cr, Co, Ni, Cu, Zn,
Pb, and V) in studied samples were higher than the
results of (26) and (28). The strontium may be
incorporated with calcite mineral (43. 2%). Sr
encountered in the clay fraction is mostly because
of substitution for Ca in CaCO; derived from the
rocks. The relatively high content of the sediments
are possibly due to the impact of carbonate and clay

minerals. Some of the trace elements may come
from fertilizers to the agricultural activities such as
Mo, Zn, Mn and Cu in reducing condition, high
concentration of Zn which due to the extensive use
of the fertilizers as the Iraq fertilizers are rich in
zinc (29). Other trace elements in higher
concentration indicate the industrial emissions
source such as vanadium. High concentrations of
some element were due to the autogenic formation
in heavy and clay minerals structure such as Ta, Ba.
High concentration of vanadium recorded in the Al
Zubaydia and Al Numaniya stations is due to o fuel
combustion and cooling tower water pipes from the
Wasit thermal power plant, which is located on the
Tigris River bank in the Al Zubaydia district. Slight
increase of cadmium concentration, due to because
the rainfall and sewages pipes spread along the river
and discharged to it directly without any treatments,
besides the fertilizers applied on agriculture lands
along the river sides.
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Figure 4. Bar shape for the heavy metals of Tigris River, its branches and drainages canal sediments in
Wasit Governorate.
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CF results show that Ta and Ni are very

high; whereas Cd, Cr and Mo are considerable. For

Contamination Factor and Pollution Load Index

displayed

results

trace elements

The
considered concentrations, which are derived from

in study area

CF results
sediments are listed in Table 6, based on the PLI
results presented in Table 4, all stations samples are

drainages content,

natural inputs and human activities (30). Mostly

index (PLI) as developed by

load
contamination factor (CF), CF is used to categorize

pollution

polluted. Pollution risk and its variation along the

sites were

the level of pollution of metals in the river sediment

determined by applying the pollution load index.

samples. The Contamination Factor is consistent

This index is a fast tool in order to compare the

pollution station of different places (32)

with 31.The PLI value is classified according to(31)
and derived from Contamination Factor CF (Table 4

and 5).
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Table 5. Pollution Load Index (PLI) of trace elements in the study area of Tigris River, its branches
Sample Name

Number
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Geo-accumulation index (I-Geo)

I-geo is classified into seven grades,
according to (33). Results showed that the overall
pollution indexes values (I- GEO, CF, and PLI) of
trace elements were consistent in  Wasit
Governorate (34).

Pollution indices values showed polluted
surface sediments of the Tigris River by Ni due to
anthropogenic activities (industrial and agricultural
activities (35) while Pollution indices values (CF
with PLI, and I-geo) for the Euphrates River
showed it as unpolluted to moderate polluted except
Ni for which ranges from moderate to very polluted
due to anthropogenic activities (36)

In this study, results of I- geo- accumulation
in the study area shows that the main river
sediments are highly polluted with Ta and
unpolluted to moderately polluted with Cd, V, Cu,
Zn,Pb, Sr and Mo. I- geo river sediments are
moderately polluted with Cr and Ni and unpolluted
with; Mn, Co, Ga, Br,Rb,Nb and Ba. Whereas
results of drainage canals discharged to the river
show sediments are polluted with Ta and moderate
polluted with V, Cd, Cr, Ni, Nb, Sr and Mo.
Drainage canals sediment is unpolluted with Co,
Zn, Pb, Ga, Br, Rb and Ba sediments are listed in
Table 6. Mean CF and i- geo in the all studied
samples are listed in Table 7.

Table 7. I- GEO-accumulation index (I-Geo) values of studied sediments samples.

g 8o
£ %E I-Geo
Z n

Cd Ta Mn \Y Cr Co Ni Cu Zn pb Ga Br Rb Sr Nb Mo Ba
! 1SUT 109 316 006 0.61 125 0.-21 167 028 028 1.61 1.62 1.-18 11 0.63 036 o.-10 1.-12
2 2TJT  1.09 313 0.05 0.63 116 04 153 015 001 1.'14 -1 1.'26 1.65 o.-11 0m 0.62 1.'17
3 3AZT 109 316 022 002 105 051 176 049 04 0.66 0_;38 -1 0_;36 0.08 0_'29 0.09 1_67
4 4shT 109 310 017 013 ,, 021 17 031 02 0_;)6 0_;35 -1 1_'11 0.1 0_;27 0.57 1_65
5 5zDTb 109 314 014 007 2 032 169 033 03 i, 10 on 113 oo oso 072 113
6 6ZDTc  1.09 3.17 0_63 229 074 0_255 144 014 015 1_68 1_62 0_'78 1_'11 0.46 0_;13 081 -1
7 7ZDTa 1.09 3.15 0.67 006 119 019 163 034 0.75 0.'18 1.1 O.;SB 1.'18 0.08 0.237 122 -1
8 8NMT  1.09 315 031 009 132 003 168 033 0.27 0.:91 -1 0156 1.'11 0.15 O.-26 1.27 1.'15
9 9AHT 109 316 01 017 1.2 0._15 162 03 002 1_68 1_66 -1 -1.1 0_63 0_'27 0.63 1_'21
10  10KT1 109 311 0.1 0.64 0.82 0.61 158 021 0.1 1.62 0.55 1.'26 0.54 0.65 O._26 05 1.'21
11  11KT2 109 3.8 0.63 0:,39 1.69 01'31 1.39 0.'12 0.2 1.'29 -1.2 1163 1.'32 0.01 0.55 0.63 1.'18
12 12KT3 109 303 028 0.67 172 O._18 164 0.61 o._13 1.:°,2 1.65 1._15 111 0.61 o._29 064 44,
13 13WaT 109 314 0.1 0.'17 138 025 162 028 0.29 0.:,34 1.69 054 -12 0.02 0.2’38 1.18 1.66
14  14HYT 109 3.17 O.-38 0:,39 0.42 1.;39 1.02 0.'17 0.'19 1:,_3 4 1.'2 g 011 1.'33 0.98 O.-76 053 -1
15  15SdT  1.09 3.18 o.ég 0_55 0.39 1_59 0.99 0_'25 0_'22 1_;16 -1.2 009 1_'39 0.92 0_'75 1.33 1_62
16  16LDT 109 3.1 0.68 0.64 068 -04 137 0.3 0.62 1.:’31 1.66 0;18 1.'14 041 -04 121 1.'21
17 17HDT 1.09 32 0.8 0_'12 1.2 0_57 17 013 0_65 1_'19 1_67 o.-35 1_'19 078 035 073 103
18 18AZDT 1.09 3.2 0.69 0_'11 0.78 0_52 134 004 0.04 1_'17 -1.1 o.ée 1_'18 039 037 053 1_'11

Conclusions: its branches and drainages canals are mainly silt

Identification and quantification of trace
elements sources, as well as the fate of those
elements, are important environmental scientific
issues. The results of this study supply valuable
information around some trace elements contents of
sediment from different sites along Tigris River in
Wasit Governorate , and we can conclude that: the
grain size analysis of the sediments from the river.,

19

and clay ,where the clay constitute between 47.7-
58.6%, first rank in the term of the relative
distribution while silt ranges between 36.8-44.2%
and sand ranges between 4.2% - 8.4% respectively
.The XRD analysis showed the presence of non-clay
minerals: quartz, calcite, dolomite, gypsum and
feldspar (Plagioclase and Albite) with clay
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minerals: Kaolinite, Palygorskite, Mica, and
Chlorite, in the sediment of Tigris River.

Chemical analyses of trace elements in
sediments reflected the effect of anthropogenic
activity on the autogenic occurrence. The mean
concentration of trace elements in the study area are
in the order Mn> Sr> Ba> Cr> Ni> V> Zn> Ta>
Rb> Cu> Co> Pb> Ga> Mo> Nb> Br and Cd.
whilst, drainages canal record in the order Mn> Sr>
Ba> Cr> Ni> V> Zn> Ta> Rb> Cu> Pb> Ga> Mo>
Co> Nb> Br and Cd.

Sr concentrated in the clay fraction of main
river sediments is mostly as a result of substitution
for Ca in CaCO3 in carbonate and clay minerals.
So, high level of V in studied sediment samples of
Tigris River recorded in the Al Zubaydia and Al
Numaniya stations, this relative increase is due to
fuel combustion from the Wasit Thermal Power
plant which is located on the Tigris River bank in
the Zubaidia district. Some of trace elements come
from fertilizers to the agricultural activates such as
Mo, Zn and Mn. High level content of Ta, Ba and
Nb  in studied sediments samples as a result of
autogenic source. Trace elements of drainages canal
sediments were lower than the Tigris River but Mo,
V, pb, Ga and Sr higher than main river, this refers
to chemical fertilize are used in agricultural activity
and sewage pipes, also the main river differs from
drainages canals that discharged to it in load energy,
speed of water as well as anthropogenic pollutants
discharged from industrial, domestic such as Cd and
agricultural wastewater into river water system.

Pollution guide values (CF with PLI, and 1.
geo) indicated unpolluted to moderate polluted river
sediments, its branches and drainages by
approximately all studied elements except Ta, Ni,
Cr and Cd which is ranging from very high polluted
to considerable to moderate. Generally, this is due
to anthropogenic activities (sewage sludge,
municipal wastes and agricultural activities). A
number of heavy metals are concentrated in the
sediments as natural source in clay, heavy minerals
and perhaps will be incorporated into carbonate
minerals. The different contaminants come from
discharged by sewage and sludge deposits, which
are discharged to Tigris River without any
treatment, specially the trace elements Zn, Cr, Ni,
Cd and Cu.

Conflicts of Interest: None.
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