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ABSTRACT
Background: Considering the controversial information regarding the effects of perchlorate on 
thyroid function of high risk population as neonates, and given the high prevalence rate of thyroid 
disorders specially congenital hypothyroidism in our region, this study aims to investigate for 
the first time in Iran, the relationship between drinking groundwater perchlorate and cord blood 
thyroid hormones level in an industrial region.
Methods: In this cross-sectional study, drinking groundwater perchlorate level of rural areas 
of Zarinshahr, Isfahan was measured. Simultaneously, cord blood level of thyroid hormones of 
neonates born in the studied region was measured. Thyroid function test of neonates in regions 
with low and high perchlorate level were compared.
Results: In this study, 25 tap water samples were obtained for perchlorate measurement. Level 
of cord blood thyroid stimulating hormone (TSH), T4 and T3 of 25 neonates were measured. 
Mean (standard deviation) of perchlorate, TSH, T4 and T3 was 3.59 (5.10) µg/l, 7.81 (4.14) 
mIU/m, 6.06 (0.85) mg/dl, and 63.46 (17.53) mg/dl, respectively. Mean levels of thyroid function 
tests were not different in low (<5 µg/l) and high level of drinking ground water perchlorate 
(P > 0.05).
Conclusions: Perchlorate did not appear to be related to thyroid function of neonates in the 
studied industrial region. It seems that iodine status of the regions, as well as other environmental 
contaminants and genetic background, could impact on its relation with thyroid function of 
neonates.
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INTRODUCTION

Perchlorate ion (ClO4−) is considered as one of the 
important environmental contaminants with potential 
harmful effects on human health.[1] It could also impact 
on aquatic and land animals and indirect effects on 
human.[2]
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Perchlorate has been used industrially as oxidants 
in aerospace fuels and explosives, road flares, 
pyrotechnics, and solid rocket propellant.[3] Hypochlorite 
water disinfection products, fireworks, and certain 
manufacturing processes are other potential sources 
of perchlorate.[4] Perchlorate has poor affinity for soils 
and readily dissolves in water and is highly mobile in 
groundwater.[5] It is found in a variety of foods including 
spinach, carrots, milk, and milk products, moreover, 
food supply has become contaminated by natural water 
through irrigation.[5]

Human environmental exposure to perchlorate can occur 
through food or water following industrial contamination 
or from natural perchlorate.[5]

Perchlorate is an inorganic anion, and it is documented 
that in the higher dose, it could competitively inhibit 
iodide uptake through the sodium iodide symporter in 
the thyroid gland.[6]

Iodine is a key component for the production of 
thyroid hormone. The hormone has a crucial role for 
normal brain development, natural growth, as well as 
other physiological functions. Consequences of thyroid 
function impairment are so important in some group of 
population, including neonates and pregnant women.[7,8]

The effects of perchlorate on thyroid function were 
recently reviewed in several studies and among different 
age groups.[5,9-12] These findings were not conclusive 
enough, and it seems that additional studies are needed 
regarding the association between background exposure to 
perchlorate and thyroid function in different life periods.[13]

Isfahan is the largest industrial center in Iran with a 
considerably high number of industries located in cities 
around Isfahan city like Zarinshahr, which is located 
in southwest of Isfahan.[14] Studies on chemical quality 
of ground waters of this region showed that the mean 
concentration of some contaminants exceeded the 
standard levels. It is suggested that the main cause of 
this problem is water wells contamination with high 
discharge rate of agricultural and industrial wastewater.[15]

Considering the controversial information regarding 
the effects of perchlorate on thyroid function of 
high risk populations as neonates, as well as the high 
prevalence rate of thyroid disorders specially congenital 
hypothyroidism (CH) in our region,[16] this study aims 
to investigate the relationship between drinking water 
perchlorate and cord blood thyroid hormones level in 
Zarinshahr, Iran.

METHODS

This study was conducted as a cross-sectional 
investigation in 2012–2013 in Zarinshahr-Isfahan.

During the study, the rural areas of Zarinshahr city with 
the supply of their drinking water from underground 
water were selected for water sampling stations. Each 
rural area (village) usually has one or two wells for 
drinking water. The main well(s) of each village were 
selected as water sampling stations.

The study protocol was approved by Environment 
Research Center and the Ethics Committee of the 
Isfahan University of Medical Sciences. Written 
informed consent was obtained from all participants.

To obtain an appropriate sample which would be 
representative of the region drinking water,10 of the total 
15 wells of the region (60% of the wells of the region) 
were selected for sampling. Selection criterion for the 
stations was proximity of the wells to industrial areas of 
the city. Information in this regard was obtained from 
health care center of the region.

A total of 25 water samples was randomly collected from 
the selected wells by one of the study investigators. The 
groundwater samples were taken after flashing water 
for at least 5–10 min, and sampling was replicated for 
3–4 times. The samples were collected in polythene-
containing tubes and transferred to Iran Mineral 
Processing Research Center laboratory for chemical 
analyzing using standard methods recommended by the 
American Public Health Association (APHA, 2005).

Simultaneously, other investigator of the study referred 
to the maternity hospitals of Zarinshahr for cord blood 
sampling.

Considering the distribution of studied population and 
uncertainty in the number of individuals who used 
selected well water, the number of cord blood samples 
was equal to the water samples and was divided to the 
number of the selected wells.

Cord blood samples were obtained from neonates 
whose mothers were residents of the selected regions 
for at least 5 years, had no medical history of any acute 
and chronic disease and history of any medication use 
except than the routine supplements for pregnancy. 
Personnel of the maternity hospital who perform the 
routine examinations of mothers confirmed the above-
mentioned inclusion criteria for mothers selected for 
cord blood sampling. Data regarding the residence area 
and drinking water of selected mothers were recorded 
by the project team. A trained nurse obtained the cord 
blood samples (5 ml) immediately after the birth of the 
infants from a double-clamped segment of the umbilical 
cord.

Cord blood samples were collected in serum separator 
tubes and transferred to the hospital laboratory for 
centrifuging and freezing of the sera. The frozen samples 
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were transferred under cold chain condition to Pars 
laboratory, the referral laboratory of Isfahan province for 
thyroid hormone measurement. Thyroid hormones level 
of cord blood samples was measured.

The mean level of thyroid hormones (thyroid stimulating 
hormone [TSH], T4 and T3) was compared in regions 
with high and low level of perchlorate.

Laboratory measurements
The concentration of ClO4− ion in groundwater samples 
was determined by Dionex ICS-1000 from USA.

Umbilical plasma TSH concentration was measured 
using immunoradiometric assay methods (Iran Kavoshyar 
Co. Kits-Iran). Umbilical plasma T4 and T3 levels 
were measured using radioimmunoassay method (Iran 
Kavoshyar Co. Kits-Iran).

Statistical analysis
Data were analyzed using SPSS version 20 (SPSS Inc., 
Chicago, IL, USA) software. Mean levels of TSH, T4, 
and T3 in neonates from regions with high and low 
perchlorate levels were compared using a t-test. P < 
0.05 was considered as statistically significant.

RESULTS

In this study, 25 tap water samples were obtained for 
perchlorate measurement. Cord blood levels of TSH, 
T4, and T3 of 25 neonates were measured. Distribution 
of groundwater perchlorate level in the studied regions 
is presented.

Mean (standard deviation) of studied variables are 
presented in Table 1.

In 9 samples (36%) of the regions, the level of 
groundwater perchlorate was higher than 5 µg/l.

Mean levels of thyroid function tests according to 
the classification of groundwater perchlorate level are 
presented in Table 2. Mean levels of TSH, T4, and T3 
were not different in regions with high and low level of 
groundwater perchlorate.

DISCUSSION

In this study, which to the best of our knowledge is 
the first of its kind in Iran, we did not find significant 

relationship between water perchlorate and level of 
cord blood thyroid hormones of neonates born in an 
industrial area.

Findings of different epidemiological studies are 
controversial in this field.[9-12] Some studies indicated a 
significant relationship between water perchlorate and 
thyroid function tests in neonates,[9,10] whereas others 
did not.[11,12]

The issue is considered as an important health concern. 
However, considering the important role of thyroid 
hormone in neurodevelopmental consequences of young 
children, any environmental factor that could impair 
thyroid hormone production should be investigated, 
especially in regions where the prevalence of CH is more 
common.[17]

In the current study, the mean levels of thyroid 
hormones were not significantly different in low and 
high levels of perchlorate in drinking water. Our results 
were consistent with two studies in Chile, in which no 
association was reported between water perchlorate 
concentration and neonatal thyroid hormones.[11,12]

Some other studies among pregnant women and their 
neonates have failed to identify any association between 
mentioned factors.[18,19] A review of the epidemiological 
literature that evaluated the association between 
environmental perchlorate exposure and thyroid function 
concluded that that environmental or occupational 
exposure to perchlorate could not be a risk for adverse 
effects on thyroid function.[20]

Some other studies conducted among the potentially 
susceptible groups demonstrated a significant 
relationship between perchlorate and thyroid hormone 
levels. Recently, a study in California identified 
a strong association between neonatal TSH and 
maternal drinking water perchlorate exposure during 
pregnancy.[9] Their study was conducted as a part of 
the California NBS Program and during the study 
conducted over 497,000 TSH and 800 per chlorate 
measurements were performed.[9] Two other studies 
from California also support the association.[10,21]

Likewise, a study in Arizona, USA showed that in the 
perchlorate-exposed region, neonatal TSH levels were 
higher than in unexposed region.[22]

Table 1: Mean (SD) and range of groundwater perchlorate level and thyroid function test of studied neonates in 
zarinshahr‑isfahan

Variables Perchlorate (µg/l) TSH (mIU/m) T4 (mg/dl) T3 (mg/dl)

Mean±SD 3.59 (5.10) 7.81 (4.14) 6.06 (0.85) 63.46 (17.53)

Range (minimum‑maximum) 0.01‑17.70 0.30‑11.40 4.50‑8.10 33.00±102.00

SD=Standard deviation, TSH=Thyroid stimulating hormone
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Evidences determined that the adverse effect of 
perchlorate on thyroid function is more prominent in 
regions or subjects with iodine deficiency.[23,24] It is well-
established that iodine uptake inhibition by perchlorate 
is significantly dependent on the additive effect of other 
environmental NIS inhibitors including thiocyanate and 
nitrate and also iodine intake itself.[25]

A study in California, USA investigated the combined 
effects of perchlorate, thiocyanate, and iodine 
on thyroid function in the National Health and 
Nutrition Examination Survey during 2007–2008. It 
concluded that concomitant exposure to perchlorate, 
thiocyanate, and low iodine significantly decreases T4 
production.[26]

According to the calculations of De Groef et al., possible 
thyroidal effects resulting from perchlorate exposure 
from drinking water are accounted for <10% of the 
exposure.[25]

Though iodine level was not measured in our study 
population, but Iran is considered an iodine replete 
area.[27] The level of thiocyanate and nitrate was not 
measured in our study. It is recommended to determine 
the role of these potential confounders in this regard.

Another explanation for obtained results is genetic 
susceptibility of the individuals who were exposed to 
environmental perchlorate. A review study suggested 
that chronic environmental exposure to perchlorate 
could inhibit iodine uptake in subjects genetically 
susceptible to iodination process impairment and the 
genetic factors impact on the responses of individuals to 
perchlorate exposure.[28]

This study had some limitations, including small sample 
size and the cross-sectional design of the investigation. 
In mentioned study design, we had no information 
about the historical ground water perchlorate levels 
which consequently could limit our ability to determine 
the temporal relation between perchlorate exposure and 
thyroid function especially in high-risk population such 
as pregnant women and neonates. The strength of our 
study is its novelty in Iran, with relatively high prevalence 
of CH.

CONCLUSIONS

Perchlorate did not appear to be related to thyroid 
function of neonates in the industrial area of this study. 
It seems that iodine status of the region, as well as other 
environmental contaminants and genetic background, 
could impact on its relation with thyroid function of 
neonates. To obtain more conclusive results in this field, 
further studies with larger sample size and consideration 
of other environmental factors are needed.
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