
INTRODUCTION

Iodine is one of the essential trace elements for composing

thyroid hormones in human body and some other biological

species. Iodine deficiency leads to hypothyroidism and various

disorders associated with growth and development, like

dwarfism, mental retardation and neuromuscular defects1,2. On

the contrary, excessive intake of iodine also causes high-iodine

goiter and nervous disease. So it is very important to control

the daily intake of iodine by healthy population3-6. Nowadays,

it is found that elemental bioactivity and bioavailability for

creatures is more related with its species than its total content,

so more and more interest is focused on the study of the status

of the objective element present in food, environmental and

biological substances, which is so-called elemental specia-

tion7-10. Thus, the total analysis and characterization of iodine

species in samples is an important pursuit. The daily intake of

iodine for people is mainly from food and drinking water, it

was reported that the lowest and highest bioavailability of

iodine in different foods was 2 % and 99 %, respectively11 and

the food have various and ambulatory characteristic, which

will be different from different people, so, the water iodine

has been regarded as an important index for evaluation whether

one area is iodine deficiency or excess.

Iodine is an electronegative element with oxidation states

of -1, 0, +1, +3, +5 and +7 and exists in multiform in aqueous

solution. Iodine is a redox sensitive element forming a wide
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variety of organic and inorganic compounds and the most

common inorganic forms of iodine are I-(iodide), HOI (hypo-

iodous acid), I2 (elemental iodine) and IO3
- (iodate) in natural

environmental Eh-pH conditions12,13. Speciation of iodine in

natural water depends on several parameters including water

chemistry, pH, Eh, temperature and organic productivity. For

example, in seawater, iodine mainly exists as iodate, iodide

and minor organic iodine14. In fresh water, such as rivers, lakes

and rain, iodine exists also as iodide, iodate and organic iodine,

but the relative concentration of organic iodine is different

from that of seawater15,16.

It is well known that water system is an important part of

environmental system. It is an important place for the survival

and development of human society, is the medium of conver-

sion and migration of elements in environmental circulation,

is an important source of human intake of iodine. So, the study

on speciation of iodine in environmental water system in this

paper has important theoretical value and practical significance.

The natural water in one important city in Northeast area

of China were selected as studied target and analysis of

environmental geochemical behavior of iodine in this area

would be studied through the speciation of iodine, which not

only provides theoretical basis of conversion conditions and

migration rules for further study of iodine in natural

environment, but also provides important practical significance

for prevention, control of local disease and further expansion

of local disease general investigation.
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EXPERIMENTAL

The instruments, reagents used in this study and the optimal

instrumental operating parameters were all same as that of our

previous work17,18 and the contents of total iodine and specia-

tion of iodine were determined according to the references17,18

via inductively plasma mass spectrometry (ICP-MS) and short

column ion chromatography coupled with inductively plasma

mass spectrometry (IC-ICP-MS) which proposed by ourselves,

respectively.

Sample collection: 100 mL water was collected for all

environmental water samples and the polyethylene bottles,

polyethylene centrifugal tubes used for sample collection and

experiments were washed using 30 % (v/v) HNO3 and collected

water samples. Ground water, tap water samples were collected

according to the Chinese national standard and seven district

of Chaoyang District in Changchun City were selected for

collection of tap water and ten samples were collected in every

district and the numbers of mean value in every district were

TW1, TW2, TW3, TW4, TW5, TW6 and TW7, respectively.

One district was selected in Changchun City for collection of

ground water and ten samples with the number GW of mean

value. Three pure water samples were purchased in local market

with the number of PW1, PW2 and PW3.

Rain water, snow water, sea water and lake water of

Changchun samples were collected according to the Chinese

national standard. 40 rain water and 40 snow water samples

were collected at 4 different months and 10 samples were

collected at every time and different location, then mean value

of the determination results of these 10 samples were numbered

with RW1, RW2, RW3, RW4 and SW1, SW2, SW3, SW4,

respectively. 4 sea water samples collected from Qingdao

(China) and Dalian (China) were numbered with SeaW1, SeaW2

and SeaW3, SeaW4.

South lake of Changchun (China) was selected as source of

lake water samples. A total of 6 locations were settled according

to the different function of water in different area coverage and

different characteristics of water which are affected by recharged

flow direction, pollution sources, emerging plants, eyot and action

of human being, 30 samples were collected throughout the South

Lake, that is to say, 5 samples were collected in every location.

Station 1 is near the northwest lake shore with a large of hydro-

phytes including water lily and hyacinth; Station 2 is near the

eyot in the middle of lake, where is the recreation ground of

walking and other actions; Station 3 is near the west lake shore,

which is near the birch wood. Station 4 is near the bathing beach

swimming area and the region is disturbed more seriously by

human. Station 5 is near the South Lake Bridge, which is mainly

effected seriously by passing vehicles on Bridge. Station 6 is

near the yacht berth, which is also disturbed more seriously by

human and shipping. Then, mean value of the determination

results of these 30 samples in 6 locations were numbered with

SLW1, SLW2, SLW3, SLW4, SLW5 and SLW6.

General procedure of sample treatment: All collected

water samples were covered and took back laboratory as soon

as possible and filtered through a Millipore 0.22 µm membrane

filter. And all filtered water samples were stored at 4 °C until

analysis with not dilution before determination. The blank

solution was detected at the same time.

RESULTS AND DISCUSSION

Speciation of environmental water system: The contents

of total iodine and speciation in all collected environmental

water samples were detected and the results were showed in

Table-1. Table-1 showed that the speciation of iodine in sea

water and lake water are both mainly IO3
– and I– and the contents

of IO3
– are more than that of I–. However, the additional results

of the two ions are lower than total iodine contents of the same

sample which directly determined by ICP-MS, the difference

may be organic iodine or elemental iodine. The reasons may

attribute to the environment of these two water systems, in

which many phytoplanktons and aquatic animal are living and

can cause various organic matters, so, organic iodine like

methyl iodide will be caused in this environment of organic

matters.

The speciation of iodine in tap water are all IO3
- and the

values are nearly same as the total iodine contents of the same

sample which directly determined by ICP-MS. Because tap

water will pass a series of processes such as filtration, subsi-

dence, ion exchange, disinfection and so on before sent to the

user, in which the used strong oxidant and the oxygen in air

are easy to oxidize I– into IO3
–.

The speciation of iodine in rain water and snow water are

both IO3
– and I– and the contents of I– are more than that of

IO3
–. However, the contents of these two ions are both much

lower than total iodine contents of the same sample which

directly determined by ICP-MS. According to the refe-

rences19,20, the difference may be organic iodine, which is

mainly determined by the circle of iodine in the environmental

system.

Iodine in three pure water samples are non-existent, which

shows that iodine has been removed through a group of proce-

ssing operations including ion exchange, reverse osmosis and

ultrafiltration.

I– is the existent speciation of iodine in ground water,

mainly because of the groundwater environment which belongs

to anaerobic conditions and is unfavorable to the formation of

oxidation state IO3
–. Therefore, iodide is stable iodine speciation

in ground water

Analysis of environmental geochemistry of iodine in

water system: In this paper, the determination of iodine in

different environmental water systems has revealed the

contents of iodine in sea water are higher than that of in

continental water, so, the residents around coastal areas can

absorb sufficient iodine through volatile of iodine and circle

of iodine in the water-air-rock-soil-plant system, which are

the reasons of that the residents in these areas are not prone to

iodine deficiency disease. On contrary, the iodine taken into

the body of residents away from coastal areas through various

iodine circles are less than before mentioned people, which

proves the theories of scholars21, the distribution of Iodine

deficiency disorders diseases is lowest around coastal areas

and highest around mountain areas.

The non-existence of iodine in pure water reminds people

should not try to take into pure water instead of tap water and

groundwater as drinking water daily in order to avoid iodine

deficiency disorders diseases, especially in the mainland or in

the mountain areas.
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Changchun was section of iodine deficiency (the section

is one of iodine deficiency when the value of water iodine

< 10 µg/L.22) which judged by atmospheric precipitation (rain

water and snow water), and the contents of iodine in rain water

and snow water are negligible, so, it is very difficult to play

the effect of iodine supplementation by atmospheric dry and

wet deposition of Changchun City. However, the content of

iodine in South lake of Changchun is moderate (The section

is one of moderate iodine when the value of water iodine is

between 10-125 µg/L22) and South Lake is the main place of

leisure and entertainment for residents of Changchun City and

it is the main source of environmental greening water and road

spraying water. Thus, the content of iodine in air of Changchun

City could be increase through environmental green and

spraying road using South Lake water, which will add iodine

content in atmospheric precipitation, so that the absorbance

of iodine from air will increase for residents.

However, the main sources of iodine for residents of

Changchun are drinking water and iodized salt, according to

reference17, the edible salt in Changchun city are all iodized

salt and the contents of iodine in which are moderate. And

Changchun was section of moderate iodine which judged by

the contents of iodine in ground water and tap water, which

will indicate that the residents in this area are not prone to

iodine deficiency disorders diseases. Coupled with the popu-

larity of national iodized salt, there is no danger of iodine

deficiency for residents of Changchun City, although this city

is away from sea, which is the reason of why the contents of

urine iodine in this area are higher in reference17.

Conclusion

The contents, speciation, reasons of speciation and their

behaviors in environmental geochemistry of iodine in different

environmental water system had been studied in this work.

The results revealed that the contents and speciation of iodine

in different environmental water system were different from

each other. In a word, the content of iodine in seawater was

higher than that in land water. The iodine was existed as IO3
–

and I– in seawater and Changchun South lake water and the

contents were moderate. Changchun was section of iodine

deficiency which judged by atmospheric precipitation, the total

content of IO3
– and I– was fewer than half of total iodine.

Changchun was section of moderate iodine which judged by

tap water and groundwater, however, the existent speciation

of iodine in these two waters were IO3
– for tap water and I- for

groundwater, respectively, nearly both were 100 %. And there

was not iodine with any species in pure water, so, it is suggested

that people should not drink pure water in long-term to avoid

iodine deficiency disease.

In a word, the study of speciation for iodine in this paper

not only provides important theoretical value for environmental

geochemistry, by monitoring the iodine speciation in local

environment also has a certain practical value on human health.

TABLE-1 
CONTENTS OF TOTAL IODINE AND SPECIATION IN ENVIRONMENTAL WATER SYSTEM 

Determined by IC-ICP-MS 
Sample Sample category Total iodinea (mean ± SDb)d 

IO3
- c (mean ± SDb)d I- (mean ± SDb)d 

GW Ground water 33.44 ± 0.55 - 33.96 ± 1.16 

TW1 35.43 ± 0.64 35.12 ± 1.24 - 

TW2 36.21 ± 0.71 35.97 ± 1.26 - 

TW3 34.92 ± 0.59 34.25 ± 1.12 - 

TW4 33.65 ± 0.60 33.19 ± 1.06 - 

TW5 35.92 ± 0.61 36.04 ± 1.38 - 

TW6 34.86 ± 0.56 34.36 ± 1.25 - 

TW7 

Tap water 

33.91 ± 0.43 34.08 ± 1.19 - 

PW1 - - - 

PW2 - - - 

PW3 

Pure water 

- - - 

RW1 3.560 ± 0.04 0.598 ± 0.07 0.968 ± 0.15 

RW2 4.014 ± 0.06 0.702 ± 0.09 1.051 ± 0.18 

RW3 4.635 ± 0.04 0.788 ± 0.08 1.205 ± 0.12 

RW4 

Rain water 

3.246 ± 0.03 0.539 ± 0.06 0.873 ± 0.09 

SW1 4.125 ± 0.04 0.681 ± 0.08 1.150 ± 0.19 

SW2 3.064 ± 0.02 0.545 ± 0.06 0.843 ± 0.10 

SW3 1.268 ± 0.01 0.218 ± 0.03 0.338 ± 0.03 

SW4 

Snow water 

0.624 ± 0.006 0.118 ± 0.02 0.172 ± 0.02 

SLW1 21.13 ± 0.46 15.52 ± 0.72 2.18 ± 0.21 

SLW2 18.29 ± 0.42 15.02 ± 0.68 2.36 ± 0.18 

SLW3 20.05 ± 0.47 15.93 ± 0.80 1.20 ± 0.14 

SLW4 17.24 ± 0.38 14.85 ± 0.62 2.03 ± 0.17 

SLW5 16.04 ± 0.31 13.47 ± 0.58 2.24 ± 0.19 

SLW6 

Lake water 

16.43 ± 0.35 13.39 ± 0.56 2.18 ± 0.18 

SeaW1 35.80 ± 0.69 23.81 ± 0.92 8.06 ± 0.48 

SeaW2 36.02 ± 0.71 24.25 ± 0.98 8.23 ± 0.45 

SeaW3 40.33 ± 0.79 28.72 ± 1.03 9.06 ± 0.53 

SeaW4 

Sea water 

 

40.66 ± 0.81 29.04 ± 1.12 8.35 ± 0.50 

-Not detectable, aDirectly determined by ICP-MS, bSD, Standard deviation, cCalculated as I, dThe unit is µg L-1 
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