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Emerging Contaminants in Food
and Food Products

In recent years, a wide variety of new chemicals have continued to be developed as a result of indus-
trial development and associated anthropogenic activities. The microbial contaminants in the envi-
ronment, more precisely, antibiotic-resistant genes/bacteria produced as a result of mutation due to
antibacterial drugs, are also considered emerging contaminants and specifically called emerging
microbial contaminants such as sapoviruses, Waddlia chondrophila and Streptococcus parauberis.
Additionally, pharmaceuticals and personal care products are a diverse group of compounds that
include ibuprofen, diclofenac, triclosan, antibiotics, anti-inflammatory agents, steroidal hormones
and active ingredients in soaps, detergents and perfumes which could find their way into food mate-
rials, are tagged as emerging contaminants.

Given this, Emerging Contaminants in Food and Food Products discusses issues around the emerg-
ing contaminants in food and food products. Different types of contaminants, such as biological,
chemical, organic, inorganic and microbial contaminants in foods, ways of detecting them and
regulations surrounding global food safety, are all covered.

Key features:

* Discusses all the categories of contaminants in food and food products. Biological, chemi-
cal, organic, inorganic and microbial contaminants.

* Provides full information on emerging food contaminants, their effect on human and ani-
mal health, and how it affects global food security and emerging technological applica-
tions in solving this global problem.

* Gives detection and prevention strategies and guideline policies on emerging contaminants
of foods.

* Brings into account global perspectives on food contaminants and health implications.

This volume will serve as an information hub of emerging contaminants for scientists/researchers
and professionals globally. This book is a good collection of independent chapters, which presents
full insights into the study of emerging contamination in food and the effects of these contaminants
in humans and animals.
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Soil-Plant Interaction
in Heavy Metal Uptake

and Crop Quality

wa, C.E. Elenwo,

-1 Alori, A.l. Gabasa
ET. Alor, / e el

J.H. Abdulkareem, an

2.1 INTRODUCTION
Agriculture plays a pivotal role in sustaining globa

However, contemporary agricultural practices are no o ith heavy metals (Alozi i .
most pressing concerns is the contamination of agricultural sOIiS i

2022). Heavy metals, such as cadmium, lead, mercury, and arsenic, are PerSISteIrll: ?&\;gm ',
tal pollutants known for their toxic effects on human health an.d the'er.lw'/lrorllme (Mitra ey
2022). These metals enter the soil through various anthropogenic gct1v1tles, 1pc1ud1ng mdl_ls_ i
discharges, mining, and heavy metal-containing fertilizers, leading to their accumulatlo

agricultural soils (Alori, 2015). . F
The transfer of heavy metals from contaminated soils to crops is a complex process infi

enced by many factors. The interaction between soil and plants in the context of heavy mef;
uptake is a dynamic and multifaceted phenomenon governed by physical, chemical, and
logical mechanisms (Cérdei ef al., 2021, Aransiola et al., 2022). Understanding this intrical
relationship is essential for assessing the risks associated with heavy metal contamination ar
for developing strategies to mitigate their impact on crop quality and, ultimately, human he
(Alengebawy et al., 2021).

Heavy metal contamination of agricultural soils is a global issue, affecting both devel
and developing nations. It poses a significant threat to the sustainability of agriculture,
not only diminishes crop productivity but also compromises the safety and quality of the |
supply-(Rasf.lid et al., 2023). Furthermore, the global population’s increasing demand for
necessitates 1nnov_ative approaches to ensure that crops can be produced safely and efficient
contaminated environments. Addressing this challenge requires a comprehensive understan

of ‘ ' ‘
" ;:}fy?rocesses governing heavy metal uptake by plants and their subsequent impact on

. This comprehensive review delves into the intr
ing on the uptake of heavy metals and their co
physical and chemical properties of soils that i
plams. Additionally, we will examine the physiol
to tolerate or accumulate heavy metals

to contribute to developing sustainable ;.-1
human well-being while ensuring a con

| food security and economic prosperif
¢ without their challenges, and among

icate interactions between soils and plants,
nsequences for crop quality. We will explore
gg_uerllce (llleavly metal mobility and availabilit

ical and molecular mechanisms th pl
B)'r shedding light on these complex relafi:)l:lztll?:)I: ‘zvp
grlcu]tural Practices that protect both the envirom;le
sistent and high-quality food supply. |

- 2f2 DYNAMICS OF SOIL-PLANT INTERACTION
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action in Heavy

ant Inter Metal Uptake ang
€rop Qualigy

4.7l
S0

15

a 1
1 PP o > K p 'S 1
A } QSS1 lL I\L'\-[Unt-’ l\llC['ObCS

o . = . .
og Microbial Commumty

Abiotic Stress

'A "'l!.\:
a0
e

FAGURE 2.1 Interaction in the phytobiome between the plant and its surroundings. (Jones et al. (2019)).

Sa

e chemical and physical properties of the soil. Because it influences numerous ecological pro-
wss¢s like nutrient cycling, carbon sequestration, and water infiltration, this interaction is essen-
tial for maintaining life on Earth (Angulo-Bejarano ef al., 2021; Ke et al., 2021). On the other
hand. various biotic and abiotic variables that affect plant growth and development are involved
in the dynamics of soil-plant interaction. Mycorrhizae, bacteria, and other microorganisms that
create symbiotic interactions with plants to improve nutrient intake and stimulate growth are
sxamples of biotic factors. Additionally, the improvement of soil structure and nutrient cycling_ is
zreatly aided by the presence of soil fauna, including earthworms, t.ermites, and ants. The soil’s
structure, pH, moisture content, temperature, and nutrient availability fall under the category of
Biotic variables, in contrast (Angulo-Bejarano éf al., 2021; Ke et al., 2021). By affecting :;ot
formation, nutrient uptake effectiveness, water availability, and stress tolerance, these variables

‘mpact plant growth (Figure 2.1). _
By secreting organic molecules that bind so1
%20 change the physical characteristics of the
Up water penetration to improve soil stri :cal composition
Z:fnts like phosgioms and iron (?rucial for plant growt'h.IPI?&?ezﬁ:?];?:rgzzgz;ﬁlphosphc?rus (P),
9 soil. In turn, the soil provides plants with sucf;f‘:::a( SI; and micronutrients, the availability of
u ]

rve . ; & : icrobial activity,
Shich is?ng:g;g:;g;fg éﬁi&?ﬁiﬁiﬁeﬂi soil pH, organic matter content, microbia | Y,
Weathering processes (Sevanto ef al.,2020). ; ; cult.ural prac.[ices
:ndgrstanding these dynamics is essen mphca“?d_l’ff’fjfs
Epfﬂ'ting healthy soils and productive CIops: * oL fane a__lfg f? Scli thi '
. Wolves several feedback loopshctween:-_E]?? gt egut_::r_l_tly_:'ai idces's"' o
:' changes in the soil microbialrccmm_imiﬁ ' s proces
ks re;ror' neighboring plants or individual
Sy 4 © 8 plantsoil feedback (PSE)
i R crepecific diffendhietd
e, 'MuUnity as plant species

ne another to create aggregates, plants
tes increase soil pore space and
anic acids that solubilize ele-

] particles to O
soil. These aggrega
cture. By producing org
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: sOn
2.3 EFFECTS OF HEAVY METAL POLLUT IO‘N[\(J)Pr\Jl e
. MICROORGANISMS AND THEIR ROLE | ,

ments that exhibit metalhic properties, Ty,

sned as a sub-eroup of ele . v am B 1 latinoui
Heavy metals are defined as a sub-grouj ising density as aomain ‘“““”’"“'hh

transition metals, some metals, I:mlh;umlcs.‘ :.n?\‘l ,',"‘C‘,'.?l':li\vnﬂ a naturally high atonie weip)y m
ing factor (Suciu et al., 20(}8)} Hs‘m'_\‘ mLHI: :I:Is \‘lllt‘l‘llil.‘:ﬂ characteristics are the mos Prictg,
a density greater than 5 g em™ 1hc‘|“_“‘.‘\l.\ [-‘,L;‘(-(‘ics- An environmental toxicity that exceeqs h
aspects when compared (0 1hf‘n‘.l‘h.\ -"L;‘ p“'"‘ ---‘\:v d extraordinary consideration from (hiy
standard maximum residue limits (MRL) hn.s. receive S e

: > dynamics of soil-plant interaction may be rmj at o ety cop
tanks worldwide. The dy fmnnm ‘nl SOtl-| e negative impacts on soil microorganisms. Nlllllvn,“
tamination in the soil‘. which can in lur:\x.h{\\‘u‘ 1?“\5‘-"“1“&'"! “I“; cycling of nutrients, the breakdoyy, d
crucial tasks are carried out !1)' sml.nuuf\ IES, 1 ‘ _ LB ’ -h'qnuing the composition of lllik‘t'uhi“
organic materials, and the stimulation of plant glu_\\llh. By chang i oxistant mlsroblal i 1
communities, lowering microbial biomass and activity, and Ioslcpng IL.\I.\‘;I).’” e ‘L,Ml
heavy metal contamination can interfere with these |).|'0ccsscs.(l\c f'! u‘l., 202 :l ’ l.t,lll|l‘||)|:)t"|lll‘ 1
note that the proliferation of heavy-metal-tolerant (resistant) ‘l\llL‘l'Ohl:lf wm.n_".”" )‘L | ,( ‘ ¢ duey,
the presence of heavy metals uptake and efflux genes; as a ‘lullmv-up l}\ this in ".hmf ¥ ‘-””lhllclw
by Ayangbenro and Babalola (2020), heavy metal solubilizing and rcsmlunl. Bacillus sp. ulmlufnm
from a gold-contaminated soil contained cadA, PbrA, and czeD genes encoding Iura.wy metal effly,
activities. This suggests that the microbjal diversity resistant to heavy metal effects could be |
first partaker in uptake prior to plant uptake. In addition, Pantoea sp. and Pseudomonas koreens;
were able to produce polysaccharides containing protein bioflocculant, which have cadA, czel)
and chrA, czeD genes, respectively, that biosorp heavy metal through flocculation (Ayangbenr
et al., 2019). Also, a study conducted by Fashola ef al. (2020b) revealed (he predominance ¢
Gram-positive bacteria in heavy-metal-contaminated soil. These microbes have thick peptidogly
can layers as well as teichoic acid, which Sponsors the heavy metal-positive and Gram-positiy,
bacteria-negative cell wall binding capacity demystified in a review authored by Ayangbenr

al. (2016). The predominant microbial diversity in heavy

eria, Actinobacteria, and Firmicute:
munities always restructur
he core survival taxa due t

\ rable to plants, In this case
tng metallophilic, proliferating members o
- Using heavy-metal-resistant Bacillus cereu:

. NEW taxa. These taxa are most]
their adaptive characteristi ' i .

of heavy metal stress/contaminatjon aside from be
;\l;‘e;e taxa are also acidophilic (Fashola et g, 2020b)
UABOI, which ; irmicu
P Ch»::;(ccl}]]rls a :nember of F:rml.cutes taxum as a cage Study, was revealed to contair
o fomate transport protein), cadmium-resistant trans i
accessory pProtein, CopC angd CopD (copper-res;i i it i

» Which enhanc
019; Ayangbenro a

rgistic activity unye;

balola ¢f al., 2
Y-metal-resistany bacteria syne
d zinc (Fashola ¢f al., 2020a)

Suggests thay most '

a study on hegy
lead, nickel, ap

a heavy-metal co i
; “Contaminated go; ave
, or effiyx e soil could h

with heay

Y metals, spj] biologi-
n Plam—assisle

d contaminan uptake
oval, these tolerant bat
gp seful heavy mel:




interaction in Heavy Metal Uptake
‘ -_[’In‘”l and Cro 2
5”” P QUahly
ydrogen cyanide, and ammonia producti d
*al-contaminated soil has wealthy bioj eddy Ak and B

vy M RS~ . lants apni:
ficé Jivity enhancement in threatened soj. > applicable f

““(h,ﬁ;nulchi”g Lo "'“”_C“”_”al ETOUps on microbial ce] walls

¢ activity of soil m{cr()()rganisms. This may lead o a?irez:zyme-s’ heavy metals can interfere
i rise in th.c‘ z||;1f19f1l ().lr(r)rgdn:c matter'ln the soil. Funhermorga]:z lr'1 the rate of nutrjent cycling
e which has an effect on microbial populations g well, avy metals can change the pH
‘ The dynamics of plant uptake are also significant]y ; :

rhrough their roots, plants absprb heavy metals, and th controll

s, such as the pH of the SO.ll, t.he amount of organic matter, ang th s e e b e
Heaty metals can compele \_ﬁvlth Important minerals for uptai:e b f-;prescnce S nneument
i the soil, rcsulln‘lg in nutrient deficits and slowed plant grthhy(iazr;:S wtzlen they are present
Werage concentrations o‘f heavy metals in sediment samples in a stud izuljru s T}']e
erms of high conccntra'tlons, as follows: Ni>Zn>Cu>Pb>Co>Cqg res yective;iq EZO o or_der. y
heavy metals in the sediment samples were found in ranges as th(xs: CIZ) (3 883.19 ;;CCHT:].?HS(? :
1.29-40.12 mg kg™"), Cd (0.024-0.721 mg kg1), Pb (9.02-18.4 mg ke, Zn (39 2255 3())' mg
(¢, and Ni (108.41-173.11 mg kg~"). : ' e

More so, heavy metals can build up in plant tissues and harm a plant’s metabolism. In extreme
crcumstances, this can result in mortality, chlorosis, and stunted growth. If plants tha.t have accu-
mulated heavy metals are ingested, there may be a consequent risk to human health.

Soil microorganisms and their function in the interactions between soil and plants are signifi-
cantly impacted by heavy metal contamination (Alengebawy er al., 2021; Ke ez al., 2021). Devclgping
methods to reduce the harmful effects of heavy metal contamination on soil health and plant growth
requires an understanding of these effects.

(AN h

B)
\\‘i[h II

is uptake is

24 MECHANISMS OF HEAVY METAL TRANSPORT
AND ACCUMULATION IN PLANTS

Plants have developed complex mechanisms to enable them to cope with heavy metals present
i levels above their threshold concentrations. They are thus classified as hyper-accumulators
(1000 pg-') and non-hyper-accumulators (<500 pg™). The accumulation of heavy metals in
Plant tissues can limit development and yield as they are harmful to plants. Certain plant spe-
cies have, however, evolved defenses to withstand and even ingest melals.‘Uptake. @nslmatxon,
*questration, and detoxification are only a few of the procedures that are involved in thel',3 n:-lecba-
::SH;S of heavy metal transport and accumulation in plants (Abioye et al., 2013; Angulo-Bejarano
al, 2021).

2 41

"1 Uprake
ation is one of the many Causes of
to each metal jon mediate the
t cells, are able

] degrad

are unique
plasma membrane of 100

[Plams are able to absorb heavy metals from the soil. Sot

Presence of heavy metals in soils. Transporters tha_t

b P&Ssiz ocess. These transporters, which are found oo the
€ly or actively transfer metal jons into the cell

2.4.2

i cactions after entering tie 4 o
g septiont SR UEC O s

TRANSLOCATION

L1 T flals can travel through the xylem or ph}oex;;;‘)

e . an . : i T . P
T“Se mipcmff S unique to each metal ion mediate
3?’? like i‘r‘:ﬂ}’ transport hazardous clcmemﬁ’h’g&';e@d
"2 Zing (Angulo-Bejarano ef al-




n Food and Food py,, .
Emer .

ging Contaminants |
18

) '\- '] Y. .\"I" al 1 -

2.4.3 SEQUESTRATION or cell walls to prevent toxicity. Metal o
eir vacuoles ). ole by the process of vacuolar Sque“razgi
| into the vacu slo-Bejaran et al., 2021). Meta] ions 1,

stals in th
Plants can store heavy metals n e
actively transported from lh'(, cyto O (s |
here they are then stored in an inac S Ceaeetsaliit
i Lrh ctin or cellulose in the cell wall for ce
attach to pe

2.4.4 DEeTOXIFICATION

- with organic ligands, B
hanging heavy metals into less harmful forms or cheld%;lr}g tl:i:i[a] o 5) e mo]ep%;'l
" cdjtrcl)iliff heavy metals. Chelation is the process of allé;g ”;ie vacuole or moved to other pl
can . ‘ i 5
i ' 3 ey can be store
like phytochelatins or metallothtonems,l S0 [:n C};USion plants have cvolved & nimber of pron)
areas (Jiwan and Kalamdhad, 2011). In ¢ ! ) 1 detonification, (o (olezate and ingess £
including absorption, translocation, sequestration, and de )
metals (Angulo-Bejarano et al., 2021).

2.5 IMPACT OF SOIL-PLANT INTERACTION ON HEAVY METAL UPTAKE

Pollution of soils with heavy metals has become a common phenomel?o-n across lh§ globe asa resy
of increasing geologic and anthropogenic activities (Wuana and Okieimen, 2011). Plants growiy
on these soils exhibit a reduction in growth, performance, and yield. Heavy metals are natural}
present in the soil but geologic and anthropogenic activities increase the concentration of these ¢l
ments to amounts that can cause harm to both plants and animals,

Physiological and biochemical processes that reduce the growth of plants growing on heav
metal-polluted soils have been recorded. Yield reduction, which eventually leads to food insecurity
is a result of the continued decline jn plant growth. Heavy metals have metallic properties such z

ductility, malleability, conductivity, cation stability, and ligand specificity. They are known to has
relatively high density and high relati

h as Pb,' Cd, Hg, and As (3 metalloid but generally referred to &

0 as the “main threats” since

amounts harm the plants and

<k nd ;ong-grm application of urban
o Soil wi o s @n veh{cle exhausts are
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ere AT DUMETOUS Ways 501l propertiee « e
Hh.l ) properties affecy hCu\-y .
oA ctal availabi); clal availability, Res

(hat ¢ van raveals ' al availability in ct o Y. Research has show

have been revealed to reduce heavy Y N soil. Organic matter and hydrous :

Heavy metals and some soil physi bility through the immt‘)hili'la)(fv( VrUU-‘f R;:nc

> S, Such ae A ration of these

has moisture content and water-holding

yH 1s the Key factor affecting my

Y metal accegs;
sical propertie
il ‘ . ely correlated
Pensity and type of charge in soil colloids -
s a large boundary and specific surface are

avide
petals:
have been shown to be positiy
are other factare
a that soi| r:(:ltl(:r‘sll-lm
oils. Thare i )'1( S Prf
al properties. Sonlll,lcf“ns
A al properties, while flf
heween high !wuyy metal absorptions and some soi'l (microo)l bt?
cary. other scientists have reported microbial conversion of hl
through increased wettability and reduced surface tension effe
lar polymer (Avangbenro and Babalola, 2020). - :
1:;1 tlim some of these studies were carried out?x)ndse(;r:]aebgrfatt}c]:r:yc:g::?i(tjilg[lons ;]n e fr_om. o
contaminated soils while others were carried out using soil sampl fns, s it o
«ource of the soil samples used in these experi i PRI PRHEG Hetn Ehe
source ot M p Xperiments notwithstanding, the effect of heavy metals on
soil biological properties needs to be studied in more extensively to have a broader understandin
of the effect of these metals on the soil ecosystem. Heavy metals may transform soil propertiesg
especially soil biological properties. Changes in microbiological and biochemical properties wher;
monitored after contamination can be used to evaluate the intensity of soil pollution because these
methods are more delicate and results can be obtained rapidly compared to monitoring soil physi-
cal and chemical properties. Heavy metals may influence the number, diversity, and activities of
soil microorganisms. The harmfulness of these metals on microorganisms is a result of several
factors such as soil temperature, pH, clay minerals, organic matter, inorganic anions and cations,
and chemical forms of the metals.

The existence of one heavy metal may affect the availability of another in the soil and even
plants. That is to say that hostile and synergistic characteristics exist among heavy metals. For
example, an inhibitory effect of Mn on the total amount of mineralized C was antagonized by the
presence of Cd in a report likewise; Cu and Zn and Ni and Cd have been reported_to compete for the
same membrane in plants. Copper (Cu) was stated to increase the toxicity (?f Zn_ in spring barley in
another research. This suggests that the interaction between heavy metals is quite .complex;Ahence,
more study is necessary in this area. Different species of the same metal may also mte'ract tvnh one
another. Studies have shown that the presence of arsenite strongly suppressed the uptake of arsenate
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2.5.1 FAcTtors INFLUENCING HEAVY METAL UPTAKE BY PLANTS

So}gbility of the metal associated with the solid phase is the major factor overseeing metal avi
ability to plants in soils. In order for root uptake to occur, a soluble species must exist closest|
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,s multiphasic uptake (Sahu and Basti, 2021). Principally, as the concentration of an ion surroundin
ihe root is increased, uptake or absorption by the plant exhibits a series of distinct isotherms, each ogf
which has different kinetic characteristics. Kinetic constants Km and Vmax describe the af,ﬁnity of
ihe transport mechanism for a given ion and the rate of uptake at half-saturating ion concentrations.
Aside from providing insight into directing mechanisms, uptake potential, and ion associations, a
kinetic approach to the behavior of heavy metals in soils and plants is beneficial in deducing and
recognizing some of the present complications related to the environmental distribution of heavy
metals from anthropogenic activities (de Mello Prado, 2021). For example, it is clear that the use of
urban waste amendments for agricultural soils will result in higher plant concentrations of numer-
ous heavy metals. However, modifications may also reduce the uptake of essential nutrient analogs;
similarly, the concentration of nutrient analogs in soil solution will affect the rate of absorption of

non-nutrients (Escobedo-Monge et al., 2020).

28.3 PerFORMANCE OF METALS IN PLANTS As LINKED TO TOLERANCE

The possibility of engaging higher plants as checks of metal pollution is supported by knowledge
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