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2- Acrodynia (Pink's Disease)
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Tab.1. Descriptive indicators of heavy metal concentration in 3 groups of canned products (High-acidic, Acidic and

low-acidic)
Sample Element(mg/kg)
As Co Cd Pb Hg
High Mean 0.0164 0.0239 0.0028 0.0566 0.0342
Std 0.00851 0.01276 0.00491 0.09725 0.01705
Lower 0.011 0.017 -0.020 0.014 0.027
Bound
Upper 0.022 0.031 0.008 0.099 0.041
Bound
Acidic Mean 0.0232 0.0255 0.0195 0.2776 0.0251
Std 0.01272 0.01344 0.01363 0.05334 0.01304
Lower 0.018 0.019 0.015 0.235 0.018
Bound
Upper 0.028 0.032 0.024 0.320 0.032
Bound
Low Mean 0.0194 0.0273 0.0188 0.4955 0.0204
Std 0.00876 0.01398 0.00799 0.01979 0.01265
Lower 0.014 0.00 0.014 0.450 0.013
Bound
Upper 0.025 0.05 0.024 0.541 0.028
Bound
Total Mean 0.0197+0.01041 0.0255+0.01310 0.0134+0.01226 0.2670+0. 19723 0.0268+0.01526

As: Arsenic- Co: cobalt- Cd: cadmium- Pb: Plumbum- Hg: hydrargyrum.
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Tab.2. Results of one-way multivariate analysis of variance in 3 groups of canned products (acidic, semi-acidic and
low-acidic).

Effect Value F Hypothesis Error Sig. Partial
df df Eta
squard
Intercept Pillai's Trace .963 200.367° 5.000 39.000 .000 0.963
Wilks' .037 200.367° 5.000 39.000 .000 0.963
Lambda
Hotelling's 25.688 200.367° 5.000 39.000 .000 0.963
Trace
Roy's 25.688 200.367° 5.000 39.000 .000 0.963
Largest
Root
sample Pillai's Trace 1.048 8.802 10.000 80.000 .000 0.524
Wilks' 126 14.167° 10.000 78.000 .000 0.645
Lambda
Hotelling's 5.553 21.101 10.000 76.000 .000 0.735
Trace
Roy's 5.292 42.338°¢ 5.000 40.000 .000 0.841
Largest
Root

a. Design: Intercept + sample - b. Exact statistic- c. The statistic is an upper bound on F that yields a lower bound on the
significance level.

Tab.3. Comparison of the average concentration of heavy metals in 3 groups of canned products (High -acidic, Acidic
and low-acidic).

Food meanz SD(mg/kg)
Sample

As Co Cd Pb Hg

High 0.0164+0.00851° 0.0239+0.01276° 0.0028+0.00491° 0.0566+0.09725° 0.0342+0.01705°

Acidic  0.0232+0.01272®  0.0255+0.01344° 0.0195+0.01363 0.2776+0.05334° 0.0251+0.013042

Low 0.0194+0.00876*  0.0273+0.01398° 0.0188+0.00799° 0.4955+0.09805°¢ 0.0204+0.01265°

Dissimilar letters indicate significant differences (P<0.05) at columns. As: Arsenic- Co: cobalt- Cd: cadmium- Pb:
Plumbum- Hg: hydrargyrum.
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Estimated Marginal Means of As
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Fig.1. the average concentration of Arsenic (As) metal in 3 groups of canned products (High -
acidic, Acidic and low-acidic)
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Fig.2.the average concentration of Cobalt(Co) metal in 3 groups of canned products (High -
acidic, Acidic and low-acidic)
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Estimated Marginal Means of Cd
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Fig.3. the average concentration of Cadmium (Cd) metal in 3 groups of canned products
(High -acidic, Acidic and low-acidic).
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Fig.4.the average concentration of mercury (Hg) metal in 3 groups of canned products (High
-acidic, Acidic and low-acidic).
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Estimated Marginal Means of Pb
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Fig.5.the average concentration of Lead (Pb) metal in 3 groups of canned products (High -
acidic, Acidic and low-acidic).

b ol b oanlie 5 o5 55 p S5US 5 p 8 oo v 0¥
sl e 008 5 55 ok B3 0315 (5 i ol
die s Syl Chle o 055 350w 3,550 53 L)l
S S 4 Jl cpl Ll lpds i 550 53 Comy
Lol aslsl gde la iS5 ol e 0T VU
Sl igel Oy 4 S hpe 1 e g3l
23 il 5 b 4 Ol o Sl 5lrea T
AS53 p SAS S et Y sk 5 DIk 258
A3l e 0SS 2 e S et e 5o s 0 1S
0.023240.01272 L a3 s S| Slde 2
o Sl sl bl S5 ol Sl & ASL
sl adlas 53 Jle Olge a0 Ll ab S el Slalllas
slee 5, » (Y IW)OLKes 5 Massadeh L.y «
SR xS e 5 oy g S e Sl il Sl
et 3 S S el (5 sdalsay s sl el
s Bl S S LS (S ) S S
ole LYXA G ot 51 As gl .(mg/kg) K
Gosl p slalie 53 [19][20]s 5 o slize mg/kg Yo
eSS 2 S e 0 Sl i L €Ol s

182

Con YUY

O Sl Bl s 4 boadles ol s
Sgn 3o S Y 53 5 s sl IS S
Sar=S M
s (LTSS S s o)t
3550 Sl Db grme ezt (Lush 5 osdee oale) Ao
D5 ok S lE sl 53 Lol adllas 53 ey
- 0.0232+0.01272 S50 sl
L <l 0.0164:0.00851
415 41 ,0.0255+0.01344-0.0273+0.01398  S.oer |
5 ¢l 0.0028+0.00491- 0.0195+0.01363 JLs
«!,,0.0566+0.09725 -0.4955+0.09805 0538
&1, 0.020420.01265-0.0342+0.01705 ¢ v 5ls

S s Sd s s

03 gl>we

S a5 S b S Lalie g 0 b
sy gle gla dsed 1) SR S 5 o A
s 53 o (v 00LKea 5 Al-Thagafi axlas
o Bl e S WS pade G Log) S
o3 53 CBle Sy s SHLS e S ke Y




e S Ll (g anslie 5 (S o5l

Q)KA.A 9 obb’ Q:Lx_w)j_)ﬁ‘

355 Gl s 5T sl Wl 5 e sl Itz
5 S par S oy g S B pan oS Koy Bl 4
bl anllles o555 5k 55 0L o (K par S e
oy e oSS 5 o

L;th;ibj.,\m

[20][22] -

oS sl enslp s o Sl i (s onl Lo
LGl e cpledal oy (Lo pale 50 ,3)
OF 53 &8 Wil s(Y\A) oLKes 5 zabadi axlas
Cedi(doal ()53 5S35 oy S8 LBl o iy
5 RUSSO Ly & o adlas 5 romenl
e s S8 S Sygs 5 b sy p (YOOI
[23][24] wxls 1y cdale o VL O S il
gl 2 S ¢l adlas 53(Y+Y4) 0L, Kea 5 Alnerua
S L5 edalin sl pbnil 53 5 Lyl ale S
N O T P PN ISR LIS
adllan b anglie 53 il (ol & 550 it 0 SSLS e S
eSSy she ol il (628 olis Sl L
S5 rS Gl o35l 5 sl o lae ST 25] L )
bl o e ood o bashs ol 5 S B0 deul oS
eSS e S et Yo SAS ne S e Y
e ol GBSl e 0SS S et Y
A 51l g5 s edal oy e Sl e (2
Sl b (55 e Sogr [26] i SVL Sl
adls sy glE sl 53 ek Y5 4 Lls e S
sl (So5lT Jds 4 Bl o pomen VU sk 3k
adlae s .o Fo os s, b s bu g
Sss 2 (YOA) 01, a s Ebadi Fathabad L. 5«
53 LT 5 U e dhac oS a8 sl o g (las S
L Ol planil (S Sl Cll ) g
Ll 51390 508 Sl ol andllas b aculie 53 55 ool
Gl 5 Gl 09,5 55 G 50500 Sla 035l 3 SIS
Sl gas 3 g Oler (VW 5 LS e 13 68
W s g2 s 53 0pl s ;8 SR 53 aleslsse

jw&)).\.é cﬁ}ﬁ LSLQ)@.LJLA Lg).’w.’;a Jﬁ\j,c

183

52 A3l e olie a5 b bl S J21] sl
2 (Y YDuLKes s Kowalska Loy o5 (o) axllas
S s ke gl Al s S Elsl s
IS b clile o Sle S 35 ol 5l S mls A pla]
S oSS oS et YA L Sl s el 5o
o 2k o Sl s mli L alie mls
odote VLI 51 ale 5,8 53 CO (glyme « Slalas
0303 4 45 3y 0 SSkS o S La v 0qA B e SIS el
2 S ke 0T LY D] Sop b gla
Sle LsiS 1258 slaos sl s 55 C0 (sl (p S ks
S S 5 pmS 53 eSS 55 08 oo A S0Le L
eSS 53 eSS bo e S e T S b s 2

[l sdalie £ o0 sl 6500 5508 0

58S el e K Sl s S o538
Llae b 5l Gk ey a5l Ry OB e Do s
Sl Seae Ol codlu gl Kl s el Suiis
o DLl O s pgnslS o paae SVsb o5 S b
el sl SIS sl Eol ol (e 5 L e
e A5 b AS TS > Sl Jole] il
Lissl O eSSl in sl 45 ol ol 51585 58
5S e (55 S sla 3,51 3 sl e e ST
2SS VAl S e 20 s s el
eSS eSS0 eslb b sl s oSS
3550 0500308 50 Olpe Sl Lol b Golles A3l s
o+ 0.019520.01363 s w0 o0 sls €505 s
33 el Sl Ikl s A 31 2SSl & LS
3 esesls (VAL 5 Massadeh (s axla
33 055 oS ke 049 L SLa b SA L o)
2 S Sl oy (S par S e S (Gl g
Oy ekl e SYL s el s edel s
S » &S gl adlas 3 (Y 8)01,Kes 5 Hadiania
SN S ey oy 3 S Gl Sl 63503
o Sl S S5l s o5 W5 S Ol sl pl
Al S e LT ks pld L3 paeslS



VEY C«\iﬂ}‘)l AR 092 ARAY% O)Lm.::

Ol 2l mls 5 o le alos

Shaze (55 0 (Gla 03,513 o 53 pgedlS 5 S 5l
B Ol 0o ot L2 Skl Gla 02515 4
Rz Aol oS gl 0,5l 5o o Bl
Ol 6B Gl sl o5l 3w Glae B e s ylds
e (2 S 5003l 5 Jlde o i o e 3 5 50 DS
A Sl e BE Ly o e SIS en s |
chle e 25 Sladllas ol wlin b sl
Sl 05 5 Sl B el sla o251 3 5 I3l
Sleslanad sy o Ll 4 I s g (gl pme ol
Sheslisal 5 K5 ds Joral Gk ol bana
Pl L S Laos 55 45 (65,5lES SV pans
b ol SR Ll 55 e S o A S 3l (S5
Ay (69 ,mS gl a4l 3 s J:.(wq ol Lals s

AL

,i.,.,"jﬁ.xﬁs —0
Sl S p s Al Jbo sls colem Sl aes s s

S as S e S o G130 Sl Slsal 5l
55 AS) U daw e SbLl gzl ab oLL
A2l . (TRC.0208

sl =1

[1] Kowalska, G., Pankiewicz, U., & Kowalski, R.
(2020). Determination of the level of selected
elements in canned meat and fish and risk assessment
for consumer health. Journal of Analytical Methods in
Chemistry, 2020.

[2]Briffa, J., Sinagra, E., & Blundell, R. (2020).
Heavy metal pollution in the environment and their
toxicological effects on humans. Heliyon, 6(9).

[3]Reimann, C., & de Caritat, P. (2005).
Distinguishing between natural and anthropogenic
sources for elements in the environment: regional
geochemical surveys versus enrichment factors.
Science of the total environment, 337(1-3), 91-107.

[4] Singh, R., Ahirwar, N. K., Tiwari, J., & Pathak, J.
(2018). Review on sources and effect of heavy metal
in soil: Its bioremediation. Int. J. Res. Appl. Nat. Soc.
Sci, 2018, 1-22.

184

gl 2 BB Sl 5 Sl 5 b oge p OLSL
S8 sV obie 51 (s li8 e b S ol
4SL§LAL;§ ol g_§>-jj’>- éu)g YL@.’Z}\ ebl;.- )L«S éu
e - 6uk:>wﬂijLA4;L>)L§jLﬁnJL>JL§))
s b S S5 s 5 Yl S e A
il s Il gls Jams 31 LS 1) b o gs ol osdle
cM)h?uQQ-jJLL@T@JMQLnSJSASJb-)JmJS
o U Sodl S Ol in) (555U SV s
u}kjt}b}‘}vu}jbﬂbwbdﬂﬁpu)\d‘f

[27]3; oslaal ¢}f«;5joMTJ%jj5 é‘f L_S)‘.L@S/_z

S S ot

P = I [FCh N
Slr oS sl chle js o poe3lS. Laea OLl O
R D R N
) 3 e Sy Ol S Ol 4 S
Sl 5 0Ll oyl sl axlis G108 sl s
G oy O35S 53 o SIS Ll )8 e
Lo siles ol o 5 15 O 36 S e300 Ll

%wﬁpw%;ﬂb—&ﬁj}%j‘eJﬂTwJ{@b

[5]Vajargah, M. F. (2021). A review on the effects of
heavy metals on aquatic animals. J ISSN, 2766(2276),
854.

[6]Joint, W. H. O., & World Health Organization.
(2007). Health risks of heavy metals from long-range
transboundary air pollution (No. EUR/06/5067592).
World Health Organization. Regional Office for
Europe.

[7]1Singh, J., & Kalamdhad, A. S. (2011). Effects of
heavy metals on soil, plants, human health and aquatic
life. Int J Res Chem Environ, 1(2), 15-21.

[8]Rehman, K., Fatima, F., Waheed, 1., & Akash, M.
S. H. (2018). Prevalence of exposure of heavy metals
and their impact on health consequences. Journal of
cellular biochemistry, 119(1), 157-184.

[9]Mahurpawar, M. (2015). Effects of heavy metals
on human health. Int J Res Granthaalayah, 530(516),
1-7.



e S Ll (g anslie 5 (S o5l

Q)KA.A 9 abb’ Q;l&ﬂ)jfel

[10] Ratnaike, R. N. (2003). Acute and chronic
arsenic toxicity. Postgraduate medical journal,
79(933), 391-396.

[11]Keith, L. S., Moffett, D. B., Rosemond, Z. A., &
Wohlers, D. W. (2007). Agency for Toxic Substances
and Disease Registry. ATSDR evaluation of potential
for human exposure to tungsten. Toxicol Ind Health,
23, 309-345.

[12]Ma, H. W., Hung, M. L., & Chen, P. C. (2007). A
systemic health risk assessment for the chromium
cycle in Taiwan. Environment International, 33(2),
206-218.

[13]Huff, J., Lunn, R. M., Waalkes, M. P., Tomatis,
L., & Infante, P. F. (2007). Cadmium-induced cancers
in animals and in humans. International journal of
occupational and environmental health, 13(2), 202-
212.

[14]Ahamed, M., & Siddiqui, M. K. J. (2007).
Environmental lead toxicity and nutritional factors.
Clinical nutrition, 26(4), 400-408.

[15]Mudipalli, A. (2007). Lead hepatotoxicity &
potential health effects. Indian Journal of Medical
Research, 126(6), 518-527.

[16]Clifton 11, J. C. (2007). Mercury exposure and
public health. Pediatric Clinics of North America,
54(2), 237-¢l.

[17]Mergler, D., Anderson, H. A., Chan, L. H. M.,
Mahaffey, K. R., Murray, M., Sakamoto, M., & Stern,
A. H. (2007). Methylmercury exposure and health
effects in humans: a worldwide concern. AMBIO: A
Journal of the Human Environment, 36(1), 3-11.

[18] Horwitz, W. (1975). Official methods of analysis
(Vol. 222). Washington, DC: Association of Official
Analytical Chemists.

[19] Al-Thagafi Z, Arida H, Hassan R (2014) Trace
toxic metal levels in canned and fresh food: a
comparative study. Int J Innov Res Sci Eng Technol
3:8977-8989.

185

[20] Massadeh, A. M., & Al-Massaedh, A. A. T.
(2018). Determination of heavy metals in canned
fruits and vegetables sold in Jordan market.
Environmental science and pollution research, 25,
1914-1920.

[21]Europe, P.T., 2006. Statutory Instrument S.1. No.
412 of 2006 European Communities (Sampling
Methods and Methods of Analysis for the Official
Control of the Levels of Certain Contaminants in
Foodstuffs) (No. 2) Regulations 2006 2, 1-17.

[22] Hadiania MR, Farhangib R, Soleimanic H,
Rastegard H, Cheraghalib AM (2014) Evaluation of
heavy metals contamination in Iranian foodstuffs:
canned tomato paste and tomato sauce (ketchup).
Food Addit Contam Part B 7:74-78.

[23]Al Zabadi, H., Sayeh, G., & Jodeh, S. (2018).
Environmental exposure assessment of cadmium,
lead, copper and zinc in different Palestinian canned
foods. Agriculture & Food Security, 7(1), 1-7.

[24]Russo, R., Voi, A. L., De Simone, A., Serpe, F.
P., Anastasio, A., Pepe, T., ... & Severino, L. (2013).
Heavy metals in canned tuna from Italian markets.
Journal of food protection, 76(2), 355-359.

[25]European Commission (2008) Commission
Regulation 2008/629/EC of 2 July 2008, amending
Regulation (EC) 1881/2006 setting maximum levels
for certain contaminants in foodstuffs. L88/29-38.
Accessed 29 Mar 2007.

[26]Ainerua, M. O., Erhunmwunse, N., Tongo, I., &
Ezemonye, L. (2020). Food toxicity assessment of
selected canned foods in Nigeria. Toxicological
Research, 36, 45-58.

[27]Fathabad, A. E., Shariatifar, N., Moazzen, M.,
Nazmara, S., Fakhri, Y., Alimohammadi, M., ... &
Khaneghah, A. M. (2018). Determination of heavy
metal content of processed fruit products from
Tehran's market using ICP-OES: a risk assessment
study. Food and chemical toxicology, 115, 436-446.



JEST No. 147, Vol. 21, May 2024

ABSTRACT

N,

L]

. ™, Homepage:www.fsct.modares.ir
o, -

Journal of Food Science and Technology (Iran)

Scientific Research

Measuring and comparing the concentration of heavy metals (arsenic, cobalt, cadmium,
lead and mercury) in canned foods (strong acid, acid, low acid) in Ahvaz city

Afrooz Saadatzadeh?!, Akhtar Alsadat Mir Saeed Ghazi?, Sahar Sabahi®”

1- Department of Food and Drug Control, Faculty of Pharmacy, Jundishapur University of Medical Sciences,

Ahvaz, Iran, Islamic Republic of Iran

2- Master's student, Department of Food and Drug Control, Faculty of Pharmacy, Jundishapur University of

Medical Sciences, Ahvaz, Iran, Islamic Republic of Iran

3- Assistant Professor, Department of Nutrition, School of Allied Medical Sciences,, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran

ARTICLE INFO

ABSTRACT

Avrticle History:
Received:2023/12/3
Accepted: 2024/1/7

Keywords:

Lead,

canned products,
heavy metals,
cadmium.

10.22034/FSCT.21.147.174.

*Corresponding Author E-Mail:
sahar.sabahy@gmail.com

The presence of heavy metals such as arsenic, cobalt, cadmium, lead and
mercury in canned food is of great importance from the point of view of their
toxicity and nature, and it covers a wide range of food. The presence of these
metals in canned products is sometimes the source of the food, the type of can
or the possibility of corrosion of the inner body of the used can is attributed.
Therefore, the purpose of this study was to measure and compare the
concentration of heavy metals in canned food (strong acid, acid, low acid). In
order to analyze the data, descriptive statistics methods were used to compare
the mean and difference between the data, the one-way multivariate variance
measurement and the Kolmogorov-Smirnov test were used to ensure the
normality of the data and if there was a significant difference between the data
, then Tukey's test was performed to separate the data. The results of this
research showed that the average concentration of heavy metals was in the order
of lead > mercury > cobalt > arsenic > cadmium, and among the available
metals, lead with a total average of 0.2670 + 0.019723 mg/ kg had the highest
value and cadmium had the lowest value with an average of 0.0028+0.0049.
Compared to international standards and other studies, all metals except lead
were lower than the maximum value. Although the concentration of these
metals in canned food samples was acceptable but it is necessary to pay
attention to the factors that increase the presence of these metals in canned

goods in order to control them and achieve a high-quality product.
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