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Sum of Squares df Mean Square F Sig.

Lead Between Groups 52015918.342 5 10403183.668 43.092 .000
Within Groups 5794098.577 24 241420.774

Total 57810016.918 29
Cadmium Between Groups 7.337 5 1.467 3.336 .020
Within Groups 10.558 24 440
Total 17.895 29
Zinc Between Groups  1342792.224 5 268558.445 90.619 .000
Within Groups 71126.510 24 2963.605
Total 1413918.734 29
Nickel Between Groups 385.312 5 77.062 1.061 .406
Within Groups 1743.469 24 72.645
Total 2128.781 29
Chromium Between Groups 80.229 5 16.046 7.236 .000
Within Groups 53.223 24 2.218
Total 133.452 29
Selenium  Between Groups 1641.028 5 328.206 2.873 .036
Within Groups 2741.535 24 114.231
Total 4382.563 29

(PPD) olo duws cadiiS 1 s ¥+ 0C T Hu (Sl ool 38 bl (F) Jgaa

&b pIS Jss Xy poesls G (S 58

g

YY/A 0/0Y -/v¥ AYIVY /A A NEQW|

YA/ Y/vo AL YO/YY AR VAIVY (@) wla K sud s PPy

o- /v ¥/-4 V/IVY AN “IAY VA/YY (o) BlaLlE sud s PP

v/ Y/AA AN Y#/\ AY/YF ¥/Yo (o) Bla K sud s PPy

#A/AA Y/£Y 2N \FIVY AR ¥/YA (&) Bl gud s PPyl

VV/TV YIVF \/-F \Y/Ya AN \Y/YY S PVC 4yl

AT /v /Y0 \ARYe \/YY AL s»PVCay
& Slodisas 3 Ko Sl i e xS0l gl
g S5 3 290 S il e oS cnl cilito
85 B yp 290 s cpl et (liee b olyen Sl i s e 4B Spse ol @l
P35S w59y PoredlS sy lise 2 (LIS Biod ol gl S (F) Jgsa 0 ¥<7C (sloo L ol o ladg) ) (s
I sze iolesl 3y90 PVC g PP cladlg) cuS 5 )5 &6 4 Gl 0453 ,5

g halejl 5590 sladlg) b ) i PVC (slady) )

Vv WAR 5ol /s o)led /o S/ CaDs ol Soliions alos

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-168-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-12-22 ]

S s N s o S5 0 S I K I i e

Jars g 9 PVC dg diges jl Cpw et glipe <
g o sl Jl Jg 25 e jobs WHO sgeim,
) JS8) ol a8 EPA 3 5l
GBI ady PP dg) dges 5l poeedls’ cui line <
jobs WHO sgeiny 5 EPA 5 (o jlilial I (o)
() JS8) a5 e
5 byl & s St Ol ple el <
sl 0392 oS 39290 (ladgoin,
Cuid liae 00,5 asuie odel Cund & s sk p
PP dy @90 5 (ll) €5, sy PP a5l oy
Iy el 38 (o djlulil I (o) S sy
595 (¥+) WHO cladgein, 5 (Y2) EPA 3,k
5 9 PVC dg aisas 3 I3 cpl Ol (prizpen S0
S)tial 5 (Jg 28 o0 jolo (V) WHO dgeim; I aies
izmed () JS) sl S (YR) EPA 5)lliul 5 Lo
5 () 9B, sadg PP Ay 5 pgmedls cuti olime
(¥+) WHO sg0imy 5 (¥2) EPA 4 () o 5l
e i Sl pls 3590 )3 (¥ JSU5) A8 (o gl
Dy yieS dgrge sladgein; 9 L luilul I )l
Mo o ol b QUi Bdod cpl slaaidly
coositons b)) ] it ime g Ayl 5> S lld
Som el Jelge 4 Gl ) cul (line 9 3508 I
9 W5 uld cadgl osle g yo gl (slil (39290
4 Sy Wgi &S (Frge 5> Omitmen Y Cund 0yt
d9290 OS5 gjlodli] Sl sl 48,85 g0 (295
sladels b b)plucdly deodiScads Sjpo 4
sloyegige d)lge 2l )3 cpl progMe 0yl 92 (gl
4 Gk OVgare Gomlpyedd Caa odlitl 290
o8ledl yogige (slassly 9 WS o (iSTy JolS y5b
15le Jolge o 59 3131 oasiSablal Lase 4 Wil e
2l ol g e om ol saineir 5 S5y o
Al iy Sy 55 2B lesd oo gy
21

WAL 5ol /g o sled /o o/ CoDs o5 Sl ales

P S Jbdme dgrg (S ol m bl
sladlgl 3 pg)S g () 5 (&) B a5 PP (sladly)
5 (V Jgi2) 0390 295 JB (o) 5 () 415 a5 PP
ol s 5> el 5)5e adsl Slge s> S @00
2 e Ol ke laie bul jeiS 5 1) ladlg)
Sl Yl bl plo & Cons aigS 5 5 PVC sladly)
() dgiz)
Gy e 6Kk 2 Lz Anova g,ll U1 gols
2 38 o 555ke o PVC dyf digms 5 5250
S xSen ) 5 () SIS (525 PP ) i
Ol (3o ) GBI cady PP dlg) aisai > (<9)
(<) 9 () ) S g PP sladg) diges )3 pg)S
() S8, sa)gs PP Ay diges )3 b 50 15ke
dy90 3 Cawl dlg) plo ) Cond (6)1d bxe Golas (gl
Ol @i Bk S od ()b Cli s S
plo @ Cons 4S5 9 PVC (ladg 3 0w i
g 93 ol 3 oy ol (g Cwl il sl Ladlg)
S99 S me gl (gylel sl ey ple 4 s
05 o odalin (V) Jodo » & a5 e Jg )b
g PPy igai & cans dg) ol jl ops s 30
gl djlulial I g 0390 1S () 5 () Wl
» oulhKen o Lasheen Js .5 o 55b0 55 EPA
ilodljl oy i (sl)ls PVC (cladlg) aiisl j> 395 adlllas
s Gy (Sl 5508 gl PP sladlg) 5 oo
gl dlge CudS g A5 0 e @ Wl e (AL (]
JeBl g (IS sk 40l dlgh adgs > el 5)00
D905
B iy PP g dge jl o cudi glie <
§ J5 ool 5aS ll o 38l 51 () 5 (<)
35S o 5ols WHO (gladgain, o EPA 3kl
(v Jsa)

YVA

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-168-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-12-22 ]

OLKer 5 anis Lo e

20.00
18.74
1827
EPA, 15 ppb
15.00 14.15
1232
el
=
2
H WHO, 10 ppb
® 10.00
B
€
8
2
o
o
5.00 435 428
0.00 I I
PP-Plant(A) PP-Plant(B) PP-Plant(C) PP-Plant(D) New PVC UsedPVC
EY < . “ & X . £
sasleyl uy g sladd gl 3 O peu Codis () jao dewslio @) JSb
100.00 -
92.36
90.00
80.00 -
70.00
4 60.00 -
Q
<
2
B 50.00 -|
5
=
8
S 40.00
30.00
20.00
Iran, 10 ppb
10.00
EPA, 5 ppb
083
0.00 ,3ppb
PP-Plant(A) PP-Plant(B) PP-Plant(C) PP-Plant (D) New PVC Used PVC

Qi'a:\Lo",T.\‘,yGudﬁjlewﬂsmol‘}:ﬁa@e&a:\’ Js

adgl Sl pisde JyS cuenl (ilejl 3y50 PVC
Ll e 5,511, PP cladls)
sy Syl Ol s e sl 5 5V <
JrS g 03 vy BB ggi9e O > ialajl 390
clolKinlejl 13 cuis s pll g gy A1 8 cos

G cnl by 3 1) 55 )l Gl cales
2903 Ol
Mg > okl 350 adgl dlge g2 S ©pgpe <
& SYL e 8 (g8 4 58 ) (el ladlg)
sladlg & Cos () BB g2y PP sladlg)

V4

\Y¥AQ jﬁl.g./(-}-ﬂ a)W/ri‘u'h Jl/ CweDw Cuaa QL%.E::.':'%

WWW.mui.ac.ir


http://hsr.mui.ac.ir/article-1-168-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-12-22 ]

S s N s o S5 0 S I K I i e

)'I)’,;L;T Sao cuts Kl cy3)5 S5 &S 665 lon Ll oo (£y9p |y Jamazme S
oy A i 5D 00,8 e dlpdiin 1A )ly dgng Ladly) Mo (505 Byl Cs oS g9 yun <
D9 &by Jolge cois ol (S ygpd S I3l 51 enlazal 5l 5L

28l 58 156 s p Slgion o O aS Jolge puyp <
DyS Gyao Al adsd ) (Cdge (Suw k)

References

1.

Bacaloglu R, Fisch M. Degradation and stabilization of poly (vinyl chloride). I. Kinetics of the thermal
degradation of poly (vinyl chloride). Polymer Degradation and Stability. 1994; 45(3): 301-13.

Bowden M, Donaldson P, Gardiner DJ, Birnie J, Gerrard DL. Monitoring polyvinyl chloride degradation using
Raman microline focus spectrometry. Analytical Chemistry. 1991; 63(24): 2915-8.

Gerrard DL, Maddams WF. The Resonance Raman Spectrum of Thermally Degraded Poly (vinyl chloride).
Macromolecules. 1975; 8(1): 54-8.

Tukker A, Buijst H, van Oers |, van der Voet, E. Risks to health and the environment related to the use of lead in
products: TNO report STB-01-39; 2001.

WHO. Guidelines for drinking-water quality, vol. 1: recommendations. 3rd ed. Geneva: World Health
Organization; 2004.

Thornton J. Environmental Impacts of Polyvinyl Chloride (PVC) Building Materials: A healthy building network
report. Washington, DC 2002 [cited 2011 Feb 2]; Available from:
http://lwww.healthybuilding.net/pvc/Thornton_Enviro_Impacts_of PVC.pdf.

Bornehag C-G, Sundell J, Weschler CJ, Sigsgaard T, Lundgren B, Hasselgren M, et al. The association between
asthma and allergic symptoms in children and phthalates in house dust: a nested case-control study. Environ
Health Perspect. 2004; 112(14): 1393-7.

AWWA. Permeation and Leaching. Washington DC2002 [cited 2011 Feb 20]; Available from:
http://water.epa.gov/lawsregs/rulesregs/sdwa/tcr/upload/permeationandleaching.pdf

Symons JM, Bradley LC, Cleveland TC. The drinking water dictionary. Denver: American Water Works
Association; 2000.

10.Hao OJ, Phull kk, Simmers KW. Laboratory evaluation of the leaching of organics from fabric material. 3 Am

Water Works Assoc.1992; 84: 92-98.

11.Lasheen MR, Sharaby CM, El-Kholy NG, Elsherif 1Y, EI-Wakeel ST. Factors influencing lead and iron release

from some Egyptian drinking water pipes. J Haz Mat. 2008; 160(2-3): 675-80.

12. Al-Malack MH. Migration of lead from unplasticized polyvinyl chloride pipes. J Haz Mat 2001; 82(3): 263-74.
13. Al-Malack MH. Effect of UV-Radiation on the Migration of Vinyl Chloride Monomer from Unplasticized PVC

Pipes. J Environ Sci Hith. 2005; 39(1): 145 - 57.

14. Al-Malack MH, Sheikheldin SY. Effect of solar radiation on the migration of vinyl chloride monomer from

unplasticized PVC pipes. Water Res. 2001; 35(14): 3283-90.

15. Al-Malack MH, Sheikheldin SY, Fayad NM, Khaja N. Effect of Water Quality Parameters on the Migration of

Vinyl Chloride Monomer from Unplasticized PVC Pipes. Water Air Soil Pollut. 2000; 120(1): 195-208.

16.Banzer JD. The migration of vinyl chloride monomer from PVC pipe into water. J Vin Tech. 1979; 1(3): 164-7.
17.Berens AR, Daniels CA. Prediction of vinyl chloride monomer migration from rigid PVC pipe. Polym Eng Sci.

1976; 16(8): 552-8.

18. Desrosiers DG, Dunnigan PC. The diffusion of chloroform and carbon tetrachloride from rigid PVC pipe and

rigid CPVC pipe into water. Journal of Vinyl Technology. 1983; 5(4): 187-91.

\YAQJ:Q/€}M0)W/V.JJJL#\LAW€U@Q@>JM YA+

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-168-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-12-22 ]

Q\)&A}ML&)A&

19. Dressman RC, McFarren EF.Determination of vinyl chloride migration from polyvinyl chloride pipe into water. J
AWWA 1978. 70(1): 29.

20.Larson CD, Love OT, Reynolds G. Tetrachloroethylene leached from lined asbestos-cement pipe into drinking
water. J AWWA. 1983; 75: 184-188.

21.Ando M, Sayato Y. Studies on vinyl chloride migrating into drinking water from polyvinyl chloride pipe and
reaction between vinyl chloride and chlorine. Water Res. 1984; 18(3): 315-8.

22.Park JK, Bontoux L, Olsen TM, enkins D, Selleck RE. Permeation of polybutylene pipe and gasket material by
organic chemicals. J AWWA. 1991; 83(10): 71-8.

23.Podoll T. Impact of Leaching by Plastic Pipe, Fittings and Joint Compounds. In: Sorg TJ, Bell FA, editors.
Plumbing materials and drinking water quality. Park Ridge: Noyes Publications; 1986.

24.Skjevrak |, Due A, Gjerstad KO, Herikstad H. Volatile organic components migrating from plastic pipes (HDPE,
PEX and PVC) into drinking water. Water Res. 2003; 37(8): 1912-20.

25.Vinson CG, Banzer JD. Effect of a variable diffusivity on the migration of vinyl chloride from poly (vinyl
chloride) pipe. J Vinyl Addit Technol. 1981; 3(2): 143-7.

26.Wong MK, Gan LM, Koh LL. Temperature effects on the leaching of lead from unplasticized poly (vinyl
chloride) pipes. Water Res. 1988; 22(11): 1399-403.

27. Annual Report of Isfahan Water and Wastewater Company; 2008. [In Persian].

28.Clescerl LS, Greenberg AE, Eaton AD, editors. Standard Methods for the Examination of Water and Wastewater.
20th ed. Washington, D.C: American Public Health Association; 1999.

29.US environmental protection agency. National Primary Drinking Water Regulations. [Cited 2008 Sep 29];
Available from: http://water.epa.gov/drink/contaminants/index.cfm.

30. WHO. InorganicTin in drinking-water: background document for development of WHO guidelines for drinking-
water quality. Geneva: World Health Organization; 2004.

31. Institute of Standards and Industrial Research of Iran (ISIRI). Specifications for drinkink water. 1984. [In
Persian].

YAY WAR 5ol /s o)led /o S/ CaDs ol Soliions alos

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-168-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-12-22 ]

-~~gs‘.’f*“Q&)ﬂ,&ﬁw&)&&udﬁj‘;ﬁ-ﬁ“‘;‘}uw@)ﬁ

A Study on leakage of heavy metals from the PVC and polypropylene
pipes used in thewater distribution system in I sfahan

Hamid Reza Tashauoei!, Mehdi Hajian Nejad?, Mohammad Mehdi Amin?,
Farham Karakani*

Abstract

Background: Various chemicals are used to produce polymers ,leakage of polymer materials over the
time , can cause health problems The aim of this research was to evaluate the leakage of heavy metals
from the PVC and polypropylene pipes used in the water distribution system in Isfahan.

Methods. Four brands of PP pipes and two various types of PVC pipes were analyzed in this study.

Concentration and leakage of heavy metals (lead, cadmium, nickel, chromium, zinc and tin) at 20 ° C were
measured and compared with national standards of Iran, US Environmental Protection Agency (EPA) and
the World Health Organization (WHO) guidelines.

Findings. Mean lead concentration in used and new PVC pipes was higher than other pipes and there was
significant difference between these two PVC pipes and other pipes in lead concentration. Mean leakage
of lead was higher in PP pipes produced in A and B manufacturing plants. Lead leakage was lower than
Iranian standards, but exceeds than EPA standards and WHO guidelines in PP pipes produced in A and B
manufacturing plants. Cadmium leakage from PP pipes produced in C manufacturing plant exceeds all
standards and guidelines.

Conclusion: Inappropriate plastic production process increases the possibility of stabilizers and
plasticizers releasing. Regarding direct relation between use of polymer pipes and consumer’s health,
control of pipes producer by related institutions is proposed in accordance with make changes in
stabilizers and preventing application of heavy metal-based pigments to overcome the mentioned
problems.

Key words: Water, Heavy Metals, Metals Leakage, Polymer Pipes.
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