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Abstract: A cohort of 154 children born between April 26th, 1986 and February 26th, 1987 to mothers who had been evacuated from Pripyat to Kiev, and 143 classmates from Kiev were examined with the Wechsler Intelligence Scale for Children (WISC), the Achenbach and Rutter A(2) tests. Mothers were tested for their verbal abilities (WAIS), depression, anxiety and somatization (SDS, PTSD, GHQ 28). Individual dose reconstruction of the children was carried out considering internal and external exposure. The ICRP Publication-88 was applied for calculation of effective fetal, brain and thyroid internal doses for children of both groups. There were 52 children from Pripyat (33.8%) who had been exposed in utero to equivalent thyroid doses >1 Sv, 20 of these children (13.2%) had been exposed in utero to fetal doses >100 mSv. The prenatally exposed children show significantly more mental disorders and diseases of the nervous system. Exposed children showed lower full-scale IQ due to lower verbal IQ and therefore an increased frequency of performance/verbal intelligence discrepancies. When IQ discrepancies of the prenatally irradiated children exceeded 25 points, there appeared to be a correlation with the fetal dose. Other dose correlations could not be found. The exposed and control mothers did not show differences in verbal abilities, but they have experienced much more real stress events and have more depression, PTSD, somatoform disorders, anxiety/insomnia, and social dysfunctions, than the control mothers from Kiev. 

1. INTRODUCTION

Considerable progress has been made in the last years concerning knowledge and understanding of the effects of ionizing radiation on the developing brain. Epidemiological studies on individuals who survived the atomic bombing of Hiroshima and Nagasaki and were exposed in utero confirm the vulnerability of the developing fetal brain to radiation injury. Severe mental retardation, lowering of intelligence quotient (IQ) and worsening of school performance, as well as occurrence of microcephalia and seizures, especially after exposure at 8–15 and 16–25 weeks after fertilization were measured [1–5]. A reanalysis of the dosimetry data indicated that the dose threshold for the development of mental retardation after intrauterine irradiation at gestation terms of 8–15 weeks is 0.06–0.31 Gy. At the gestation term of 16–25 weeks, it is 0.28–0.87 Gy [6]. 

Extrapolation of the Japanese data to the situation after the Chernobyl accident is difficult, however. Thus, the Chernobyl accident caused significantly lower fetal doses, but high doses on the fetal thyroid by the incorporation of radioiodine released by the burning reactor. Whereas after the Chernobyl accident the population was continuously exposed to radionuclides, mainly 137Cs, the Japanese population was acutely irradiated by (-rays and neutrons. There was no separate 131I exposure of the thyroid in Japan. The doses to the fetal thyroid after the Chernobyl accident are partly considerably higher than the threshold doses established by Otake for mental retardation. Because of the different radiobiological situations, it is not easy to predict the radiobiological effect of the Chernobyl accident from  results of the Japanese studies. 

The present study was designed as the continuation of the WHO Pilot Project «Brain Damage in Utero» of the International Program on the Health Effects of the Chernobyl Accident (IPHECA). Preliminary analysis of the results in the three affected countries has shown a tendency to mild mental retardation and some behavioural disorders in the prenatally exposed children in comparison to a control group, and prevalence of borderline nervous and psychological disorders in the parents [7–11]. The definition of an exposed and unexposed child was based only on the contamination level of the soil of the raions of residence, without  reference to individual doses.

Recently related studies have been published concerning the mental health of in utero exposed children after the Chernobyl accident. The authors investigated in utero exposed children in Belarus [12,13] and in the Ukraine [14, 15]. The exposed children in Belarus manifest a relative increase in psychological impairment and a lower IQ in comparison to the control children, but these effects could not be related to the received fetal thyroid doses. The Ukrainian exposed children show only non significant differences in the applied tests in comparison to the control group. It was, for both countries, concluded that unfavourable psychosocial factors, such as broken social contacts, adaptation difficulties and relocation explained the differences between the exposed and non-exposed groups. 

Another study from Belarus reported a reduction of intelligence by thyroid doses exceeding 0.5 Sv for children exposed in utero and untill the age of 1.5 years [16]. Also [17] found a reduction of the IQ in highly in utero exposed children. Other studies on prenatally irradiated children demonstrate a possible correlation between radiation and psychosocial factors [10,18,19], or radiation exposure and the level of thyroid-stimulating hormone (TSH) [9,20].

On account of the contradictory results of the mental health assessments of the in utero exposed children and the etiology of the observed neuropsychiatric disorders in the literature, a thorough study of the potential radiation effects on the mental health of the in utero exposed children was performed within the framework of the Project 3 «Health Effects on the Chernobyl Accident» of the French-German Initiative for Chernobyl. The reconstruction of individual doses for the prenatally irradiated children and the comparison group was one of the main parts of the work. The fact, that in this study only a cohort of in utero exposed children were investigated, whose mothers had been evacuated from Pripyat – the city which is totally uninhabitable – make this cohort more comparable to studies on Japanese victims, because it suffered rather more of an acute exposure when compared to children who live permanently on contaminated territories. Subproject 3.4.1 "Potential effects of prenatal irradiation on the brain as a result of the Chernobyl accident" was supported by the Bavarian State Ministry of Environmental and Developmental Affairs.

2. MATERIALS AND METHODS

2.1 Description of the cohorts
The investigation was performed on a cohort of prenatally exposed children, who were born between April 26th, 1986 and February 26th, 1987 from mothers, who had been evacuated from Pripyat to Kiev. The control group comprises children from Kiev, who were randomly picked out from the classes of the in utero exposed children in Kiev. These acutely prenatally exposed child-evacuees from Pripyat towards Kiev are the most adequate cohort for comparison with the Japanese prenatally exposed cohort of children from Hiroshima and Nagasaki because of the quasi acute prenatal exposure and the urbanised sample. From the subcohort of 182 prenatally irradiated children-evacuees from the town of Pripyat living in Kiev we examined 154 (84.6%) children for the study (exposed group). The comparison group consisted of 143 gender- and age-matched children selected from the classrooms of the children of acutely exposed group. 
2.2 Dosimetry

Individual reconstruction of total fetal doses, fetal thyroid doses and fetal doses on the brain has been carried out using 2 methods: 1) fetal thyroid dose is assumed to be equal to the thyroid dose of the mother, and 2) according to the model by ICRP Publication 88 [2001]. The doses were reconstructed for the exposed children from Pripyat and also for the control group in Kiev.

The assessment of the whole radiation dose of pregnant women from all dose-forming factors and the methods for calculation of the dose on the embryo and fetus by external and internal exposure of the pregnant woman were used. Shielding by the mothers body was taken into account for assessment of the brain dose of the embryo or fetus by external exposure of the mother. For assessment of the brain dose by maternal inhalation of radionuclides coefficients from ICRP Publication 88 (2001) were used. Internal doses of the mother by incorporation of radionuclides were assessed by expert judgment, since there is no satisfactory information either from questionnaires or from any other sources. Calculation of fetal doses was carried out on the basis of the dosimetric history of the mother according to our questionnaire, elaborated for the aims of the study. The questionnaire contains additional information for calculation of the coefficient of the behavioural regime of the mother (if the mother could remember this information). Information from the questionnaire allows the calculation of the most probable individual doses of external exposure of the evacuated pregnant women, the dose to the embryo and fetus and the brain in utero. 

The external dose of a pregnant woman is composed of the dose received in the place of permanent residence, from the time of the accident untill evacuation, the dose at the evacuation route and the additional dose received in the places of intermediate evacuation [22,23]. In the present study we interviewed the mothers with a questionnaire but also used the average data by [23] for the amount of time spentoutdoors for women of fertile age, since there are in some cases contradictory answers in the questionnaire, the behavioural factor for a pregnant women was then assumed to be 0.4. For calculation of the external exposure dose, the type of settlement was taken into account. Thus the protection factor of buildings for urban settlements was assumed to be 10, for rural settlements 3. A number of phantom assays, with tissue-equivalent human phantoms exposed to actual Chernobyl fallout, have been performed for the calculation of the potential dose to the fetal brain [24].
The results of direct measurements of radioiodine content in the thyroid of adults from Pripyat and the 30-km zone form the basis for the calculation of the fetal thyroid dose. According to the ICRP 88 model the in utero thyroid dose is calculated considering the internal intake of I-131 of the pregnant woman. The inhalation model has the assumption that inhalation intake of I-131 before evacuation is in proportion to average-standardized thyroid dose for inhabitants of Pripyat received before evacuation (605 mGy) without intake of stabile iodine [23].

2.3 Mental and somatic health

2.3.1 Clinical examination

The children of the acutely prenatally exposed and the comparison groups were examined by clinical psychiatric interview and clinical neurological examination at the Department of Neurology, SCRM of AMS of Ukraine. The mental disorders and the diseases of the nervous system were assessed according to the diagnostic criteria of ICD-10 (Chapter V: Mental and Behavioural Disorders & Chapter VI: Diseases of the Nervous System, published by WHO in 1992). ICD-10 diagnostic was made on the base of clinical psychiatric and neurological examinations, psychometry, conventional and QEEG taking into account the results of profound clinical, laboratory and instrumental examination at the Children Department of the Out-Patients’ Clinic of the Radiation Register of the SCRM of AMS of Ukraine.

2.3.2 Questionnaires for children

· Wechsler Intelligence Scale for Children (WISC). The version for the Ukrainian children of the WISC was used. This test is normalized for gender and age. It consists of 2 main subtests, each measuring a different facet of intelligence, the Verbal, the Performance and together the Full Scale IQ. The verbal and the performance scales have 5 subtests each. 
· Child Behaviour Check List (CBCL) for ages 4–18 by T. Achenbach. This test can reveal behavioural and emotional disorders in children. A Russian adaptation of the CBCL questionnaire was used. The CBCL is designed to record, in a standardized format, children’s competence and problems as reported by their parents (or parent surrogates). 

· The Youth Self-Report (YSR). This test is designed for obtaining self-reports from youths at ages 11 to 18. The questionnaire has 89 similar problem items in common with the CBCL. 

· Rutter Scale A(2) was used for assessment of child’s problems associated with health, hyperactivity, behavioural and emotional disorders. The mother completes the scale. 

School performance.
2.3.3 Questionnaires for mothers

· Vocabulary subtest of the Wechsler Adult Intelligence Scale (WAIS): This test was used for the assessment of the verbal abilities of mothers.

· Zung Self-Rating Depression Scale (SDS) is designed for estimation of the level of unmasked depression by self-estimation. 

· Post-traumatic Stress Disorder Questionnaires: Impact of Events Scale (IES) and Irritability, Depression, Anxiety (IDA):the questionnaires for assessment of post-traumatic stress disorder (PTSD).

· The General Health Questionnaire (GHQ-28) was used for assessment of a psychopathology in a parent on the basis of self-estimation. The GHQ-28 consists of 4 subscales with 7 items each that estimate somatoform symptoms (GHQ-28A), anxiety/insomnia (GHQ-28B), social dysfunction (GHQ-28C), and severe depression (GHQ-28D). 

· Stress-events scale of mothers related to the Chernobyl accident: On the base of the scale of stress-factors of the DSM-IV (American Psychiatric Association,1994) we elaborated the Stress-Event Scale for mothers related to the Chernobyl accident. Among these factors are evacuation, lack of information about relatives, migration, difficulties of medical care, etc. 

2.4 Confounding factors

There are several factors, which could influence the mental health of children by CNS traumata at birth or pre- and postnatally, and act thus as confounding factors for the assessment of the mental abilities of the in utero exposed children. There were more children with severe confounding factors (n=3) in the control group, than in the exposed children. 

3. RESULTS

3.1 Dose distribution
The in utero doses on embryo and fetus, the brain and on thyroid in the exposed group in Pripyat are significantly higher than in the comparison group from Kiev. Especially high are the doses on the fetal thyroid. Moreover, the in utero doses on embryo, fetus and thyroid according to the model of ICRP Publication 88 are higher in comparison to the former dose reconstructions, where the transfer factor of iodine from the mother to the child is considered to be 1. Doses on the fetal brain remain equal (table 1).

Table 1 Doses in utero according to the model of ICRP Publication 88
	Dose
	Exposed group from Pripyat
	Comparison group from Kiev
	t
	p

	Dose on embryo and fetus, mSv

	Min–Max
	10.4–269.2
	0–2.7
	22.5
	<0.001

	Geometric Mean
	58.7
	1.2
	
	

	Median
	61.6
	1.2
	
	

	M±SD
	65.4±33.9
	1.2±0.3
	
	

	Dose in utero on brain, mSv

	Min–Max
	0.001–101.6
	0–1.7
	19.5
	<0.001

	Geometric Mean
	18.6
	0.8
	
	

	Median
	18.4
	0.8
	
	

	M±SD
	19.2±11.3
	0.8±0.2
	
	

	Dose in utero on thyroid, mSv

	Min–Max
	0–3210.5
	0–110.7
	13.5
	<0.001

	Geometric Mean
	417.1
	24.5
	
	

	Median
	746.3
	27.4
	
	

	M±SD
	760.4±631.8
	44.5±43.3
	
	


According to the model of ICRP Publication 88 there is a strong influence of gestational age on the thyroid doses in utero: the later the intrauterine period at the time of exposure — the higher the in utero thyroid doses (table 2). According to the radiosensitivity of the embryo or fetus the time of gestation is divided into 4 periods (ICRP Publication 49).

Table 2 Geometric means of the in utero thyroid doses (mSv) related to the periods of cerebrogenesis (weeks of gestation) at 26.04.1986

	Weeks of gestation
	Exposed group from Pripyat
	Comparison group from Kiev

	
	(mSv)
	(n=152)
	(mSv)
	(n=143)

	0–7
	0.39
	19
	0.02
	35

	8–15*
	40.9
	28
	1.5
	28

	16–25*
	623.7
	47
	46.1
	32

	26+
	1225.5
	58
	94
	48


* 1 value missing 

3.2 Mental health of children

3.2.1 Wechsler Intelligence Scale for Children (WISC)

The average IQ value of a standard population is 100 and follows a normal distribution. In both groups of the present study the children grew up in Kiev, the capital city of the Ukraine, where they were promoted and cultured as in no other place of the Ukraine. This might be the reason for the elevated average IQ value by 10-20 points in this study. 
In both groups of children the analysis of the test revealed significant differences of intelligence of exposed in comparison to the control children. Whereas performance IQ (pIQ) is comparable in the exposed and the comparison group of children, verbal IQ (vIQ) and full IQ are significantly lower in the exposed group. Also the IQ discrepancy, the difference from pIQ and vIQ values, is significantly higher in the exposed group due to vIQ deterioration. The results show great variations in IQ discrepancy, with statistical significance (paired t-test) in the exposed group, although the mean values are below 25 points.

When eliminating children with moderate to very severe confounding factors from both groups of the study, reducing thus the size of the exposed group to n=108 and the comparison group to n=73, the same significant differences of the IQ values are observed (table 3). Verbal IQ and the IQ discrepancies are still significantly different in both groups of children.

Table 3 IQ of children without moderate to very severe confounding factors

	Index
	Exposed group from Pripyat (n=108)
	Comparison group from Kiev (n=73)
	t
	p

	Full scale IQ

	M±SD
	112.9±13.3
	118.6±10.8
	–3
	<0.003

	Median
	112
	120
	
	

	Min-Max
	76–151
	96–137
	
	

	Verbal IQ

	M±SD
	106.7±13.2
	115.8±13.2
	–4.5
	<0.001

	Median
	108
	116
	
	

	Min-Max
	70–143
	85–138
	
	

	Performance IQ

	M±SD
	117.2±15.2
	118.7±9.6
	–0.7
	>0.05

	Median
	119
	121
	
	

	Min-Max
	74–153
	97–140
	
	

	IQ discrepancies pIQ–vIQ

	M±SD
	10.4±14.7
	2.9±12.5
	3.6
	<0.001

	Median
	10
	3
	
	

	Min-Max
	–29–(+54)
	–22–(+33)
	
	

	Paired t-test
	7.4
	1.9
	
	

	p
	<0.001
	>0.05
	
	


Intelligence of exposed children significantly differs from the control group by:

1. Increased frequency of low IQ (IQ<90), especially of verbal IQ

2. Increased frequency (2 times) of average IQ (91–110) and decreased frequency (more than 3 times) of high IQ (121–140)

3. Increased frequency of IQ discrepancies: about 14% of the exposed and 4.5% of the control children have IQ discrepancies of more than 25 points and show thus a disharmoniously developed intelligence

4. There are 2 cases (1.4%) of mental retardation — mild (IQ=59) and moderate (IQ=49) — in the exposed group (due to moderate to significant confounding factors)

Figure 1 shows, that the control children demonstrate a similar distribution of verbal and performance IQ. However, the distribution of the IQ values of the exposed children (verbal and performance IQ) shows distinct differences. When plotting verbal and performance IQ separately it is obvious that the exposed children have clearly a lower verbal IQ throughout the whole cohort; the distribution is starting earlier and never meets the distribution of the control children (figure 2).

There is no observed clear dependence of intelligence and the periods of cerebrogenesis at 26.04.1986 in children with or without moderate to very severe confounding factors.
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Fig. 1 Fraction of control and exposed children below specific verbal and performance IQ
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Fig. 2 Fraction of control and exposed children below specific IQ, differentiated by verbal and performance IQ

3.2.4 Emotional-behavioural sphere and school performance

The emotional and behavioural spheres of exposed children in comparison to the control group with CBCL and YSR by Achenbach: were slightly elevated concerning: 

· Somatic complaints

· Internalization (withdrawn, somatic complaints, and anxious/depression)

· Total problem scores (syndrome scales)

After sorting out from both groups the children with moderate to very severe confounding factors, the emotional and behavioural disorders differ in exposed children partly even more from the comparison group by all parts of internalization (withdrawn, somatic complaints and anxiety/depression) and the total problem score, when assessing the CBCL test. The evaluation of the YSR test reveals a slightly elevated score of social and attention problems. Altogether the children assessed themselves less gravely than the parents, especially concerning the syndrome scale withdrawn.

There are no revealed differences between both groups in emotional and behavioural disorders according to Rutter A(2) scale There are also no revealed differences between both groups concerning school performance.

3.3 Neuropsychiatric data 
Prenatally exposed children have more neuropsychiatric disorders than the control children. Among children without moderate to very severe confounding factors children irradiated in utero again have even more neuropsychiatric disorders in comparison to the control children (table 4). 

Table 4 Diseases of the Nervous System (G) and Mental and Behavioral Disorders (F) according to the ICD-10 in children without moderate to very severe confounding factors

	Disease or disorder
	Exposed children (n=121)
	Control children (n=77)
	(2
	p

	Diseases of the Nervous System

	Neurologically healthy
	73 (60.3%)
	66 (85.7%)
	14.5
	<0.001

	Unconfident indication of epilepsy (G40) 
	9 (7.4%)
	1 (1.3%)
	3.7
	<0.05

	Migraine (G43)
	3 (2.5%)
	0
	1.9
	>0.05

	Other headache syndromes (G44) 
	31 (25.6%)
	10 (13%)
	4.6
	<0.05

	Sleep disorders (G47) 
	4 (3.3%)
	0
	2.6
	>0.05

	Other disorders of autonomous nervous system (G90) 
	3 (2.5%)
	0
	1.9
	>0.05

	Neurological comorbidity 
	2 (1.6%)
	0
	1.3
	>0.05

	Mental and Behavioural Disorder

	Mentally healthy
	19 (15.7%)
	45 (58.4%)
	39.3
	<0.001

	Organic mental disorders (F06 & F07)
	20 (16.5%)
	3 (3.9%)
	7.3
	<0.01

	Neurotic, stress-related and somatoform disorders (F40–F48)
	56 (46.3%)
	20 (26%)
	8.2
	<0.01

	Non-organic sleep disorders (F51)
	6 (4.9%)
	3 (3.9%)
	0.12
	>0.05

	Mental retardation (F70)
	1 (0.8%)
	0
	0.64
	>0.05

	Disorders of psychological development (F80–F89)
	9 (7.4%)
	0
	6
	<0.05

	Childhood behavioural and emotional disorders (F90–F98)
	31 (25.6%)
	9 (11.7%)
	5.7
	<0.05

	Mental comorbidity 
	21 (17.2%)
	3 (3.9%)
	8
	<0.01


3.4 Mental health of mothers 

There are no differences in verbal IQ of mothers in both groups. Thus, the deterioration of the verbal IQ of the exposed children cannot be explained by the influence of the verbal IQ of their mothers. Mothers of children evacuated from Pripyat experienced much more real stress events (evacuation, lack of information about relatives, migration, difficulties of medical care, etc.). There are significant mental health problems in mothers of children evacuated from Pripyat: PTSD, somatoform disorders; anxiety/Insomnia; social dysfunction, and depression in exposed mothers 

3.5 Dose effect relations

Combined correlation analysis of both groups together shows the weak, but statistically significant correlation of the prenatal doses with IQ reduction. The correlation disappeared, however, in the analysis where only the exposed children were analyzed. The reason for this effect is, that the control children have a higher mean verbal IQ than the exposed children with comparable low doses.

Another important result is the IQ discrepancy, the difference between performance and verbal IQ. In children these discrepancies are of clinical significance, if they exceed the value of 25. This is the case in 19 instances of the exposed children and in 6 instances of the control group. The exposed children demonstrated in only 3 cases a negative discrepancy (< –25), in all the other cases performance IQ was higher than verbal IQ, resulting in a positive discrepancy (<25). Generally the pIQ-vIQ discrepancies are randomly distributed in either direction in the control group, but in the exposed group mainly to the positive values: IQ discrepancy > 0 in 56 instances from 116 in the control group (without 

children with confounding factors) and in 100 instances from 122 in the exposed group (without children with confounding factors). This means, that in the exposed group half of the children (57) show IQ discrepancies < 0 whereas in the exposed group only 19 children; in each group are 3 children with a discrepancy of 0. Plotting the cases of IQ against prenatal fetal dose gives no correlation. The exposed children have a mean IQ discrepancy of 10. However, when plotting the cases of IQ discrepancy higher than 25 points against fetal dose gives the positive correlation of r=0.53 (p=0.018) (fig. 3). The power of this correlation between the discrepancy >25 and fetal doses assessed by the 

model of ICRP Publication 88 is increasing with increasing discrepancy: at pIQ-vIQ>27 (n=11), correlation with the fetal dose is r=0.78 (p<0.004), at pIQ-vIQ≥30 (n=9), correlation with fetal dose is r=0.93 (p<0.001). Below the discrepancy of 25 there is no correlation with dose observed. The same situation is observed, when plotting the IQ discrepancies against the in utero thyroid dose. Only for IQ discrepancies >30 a correlation with dose is observed, the coefficient is r=0.75 (p<0.02) in 9 cases. The significance of this effect is not clear, since the [image: image5.emf]IQ distribution, exposed 
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Fig. 4 Dependence of IQ discrepancies on the fetal dose (ICRP 88)

The results of combined analysis of exposed and control children together show the absence of a correlation between doses and competence or problem scores of CBCL. There is no correlation of the prenatal doses with increasing total problem score, assessed in the YSR by children themselves.
There is no clear interaction between prenatal doses and the neuropsychiatric disorders.

3.6 Correlation of the data of the children with the mental health of the mothers
There is weak to moderate correlations of the mothers’ verbal abilities, assessed by the vocabulary subscale of WAIS, with the full scale, verbal and performance IQ of the children. IQ discrepancies, however, do not correlate with mothers’ verbal abilities. The observed correlations are slightly higher in the exposed children. 

There are weak correlations of the mothers’ mental health deterioration, assessed by IES and GHQ-28, with the decrease of full scale and performance IQ of the children. Verbal IQ, however, does not correlate with mothers’ mental health. IQ discrepancies decrease in proportion to the mothers’ mental health deterioration in the exposed group. 

The moderate statistically significant correlations of the mother’s depression (SDS), PTSD and mental health deterioration (GHQ-28) with increasing total problem score, assessed by mothers (CBCL) and children (YSR) are demonstrated. The total competence score does not show any correlation with mothers’ mental health, however. 

There are weak, but statistically significant relationships between the mental health of the mothers and the neuropsychiatric disorders in children. Among the mothers of the children of the exposed group with the neuropsychiatric disorders there are much more depression (SDS and GHQ-28D) and somatization (GHQ-28A), as well as mental disorders, in general (GHQ-28). A similar situation is observed in the comparison group. There are more depression (SDS), somatization (GHQ-28A), anxiety (GHQ-28B), as well as mental disorders in general (GHQ-28) among the mothers of the children with neuropsychiatric disorders, than among mothers of healthy children.

4. CONCLUSIONS

1. Individual dose reconstruction of the in utero exposed children was carried out considering internal and external exposure. The ICRP Publication-88 was applied for calculation of effective fetal, equivalent brain and thyroid internal doses for children of both groups. There were significantly higher doses revealed to the fetus, the fetal brain and the thyroid in the exposed children born from mothers evacuated from Pripyat. The effective fetal dose (M±SD) in the exposed group was 65.4±33.9 mSv and in the control group 1.2±0.3 mSv. The equivalent in utero brain doses were 19.2±11.3 mSv and 0.8±0.2 mSv for the exposed and control group respectively. Especially high are the doses to the fetal thyroid: 760.4±631.8 mSv in the exposed and 44.5±43.3 mSv in the control group. There were 52 children from Pripyat (33.8%) who had been exposed in utero to thyroid doses >1 Sv; 20 of these children (13.2%) received in utero doses of >100 mSv.

2. The Intelligence Quotient measured by the Wechsler Intelligence Scale for Children (WISC) revealed a lower value of the verbal and therefore full scale IQ, as well as higher IQ discrepancies (pIQ-vIQ) due to verbal IQ deterioration in the exposed children from mothers of Pripyat in comparison to children from mothers of Kiev. The exclusion of children with confounding factors did not influence the general result: full scale IQ - 112.9±13.3, verbal IQ - 106.7±13.2, performance IQ - 117,2±15,2 and IQ discrepancy - 10.4±14.7 in exposed children, full scale IQ - 118.6±10.8, verbal IQ - 115.8±13.2, performance IQ 118,7±9,6 and IQ discrepancy - 2.9±12.5 in control children. The intelligence discrepancies > 25 points are higher in the exposed children. 

3. Emotional and behavioural disorders measured by the Achenbach test are higher in the exposed children for the following categories: 1) withdrawn; 2) somatic complaints; 3) anxious/depression; 4) social problems; 5) attention problems; 6) internalization (withdrawn, somatic complaints, and anxious/depression); 7) externalization.

4. Prenatally exposed children have more neuropsychiatric disorders than the control children from Kiev for the following categories: 1) paroxysmal states; 2) organic mental disorders; 3) neurotic, stress-related and somatoform disorders; 4) disorders of psychological development; 5) childhood behavioral and emotional disorders, revealed by clinical examination using ICD 10. 

5. Verbal abilities are comparable in mothers of both groups assessed by the Vocabulary subtest of WAIS. There is a correlation between the verbal intelligence of the mothers and the intellectual level of their children. The evacuated mothers experienced a high amount of real stress events (evacuation, lack of information about relatives, migration, difficulties of medical care). There are significant mental health problems in mothers from Pripyat in the following categories: 1) depression; 2) PTSD; 3) somatoform disorders; 4) anxiety/Insomnia; 5) social dysfunction. 

6. There is no dependence of the IQ deterioration and mental health disorders of the in utero exposed children with radiation dose. When IQ discrepancies of the prenatally irradiated children exceeded 25 points, there appeared to be a correlation with the fetal dose.

No correlations of the results of the WISC, the Achenbach tests and the neuropsychiatric disorders with dose could be revealed. The small sample size does not allow final conclusions, however. 

7. There is a correlation between mothers’ mental health deterioration with decreasing performance and therefore full scale IQ in children. Verbal IQ, however, does not correlate with mothers’ mental health. Therefore IQ discrepancies decrease in proportion to the mothers’ mental health deterioration in the exposed group. There are statistically significant relationships between the mental health of the mothers and the neuropsychiatric disorders in children. Among the mothers of the children of the exposed group with the neuropsychiatric disorders there is much more depression and somatization, as well as mental disorders. 

5. OUTLOOK

This study should be continued as follows: the increase of the size of the cohort by identification of further children irradiated in utero and children exposed at the age of 0–1 years, identification and forming of cohorts of age-, gender- and urban/rural-matched children from radioactively clean areas of the Ukraine, the verification and development of the currently available dosimetric models, the assessment and verification of neuropsychiatric disorders, and the risk analysis of the influence of radioiodine in prenatal period and during the 1st year of life on brain development.
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vIQ

pIQ

IQ

Fraction of children below specified IQ

IQ distribution, control children

0.0073529412

0.0073529412

0.0147058824

0.0147058824

0.0220588235

0.0220588235

0.0294117647

0.0294117647

0.0367647059

0.0367647059

0.0441176471

0.0441176471

0.0514705882

0.0514705882

0.0588235294

0.0588235294

0.0661764706

0.0661764706

0.0735294118

0.0735294118

0.0808823529

0.0808823529

0.0882352941

0.0882352941

0.0955882353

0.0955882353

0.1029411765

0.1029411765

0.1102941176

0.1102941176

0.1176470588

0.1176470588

0.125

0.125

0.1323529412

0.1323529412

0.1397058824

0.1397058824

0.1470588235

0.1470588235

0.1544117647

0.1544117647

0.1617647059

0.1617647059

0.1691176471

0.1691176471

0.1764705882

0.1764705882

0.1838235294

0.1838235294

0.1911764706

0.1911764706

0.1985294118

0.1985294118

0.2058823529

0.2058823529

0.2132352941

0.2132352941

0.2205882353

0.2205882353

0.2279411765

0.2279411765

0.2352941176

0.2352941176

0.2426470588

0.2426470588

0.25

0.25

0.2573529412

0.2573529412

0.2647058824

0.2647058824

0.2720588235

0.2720588235

0.2794117647

0.2794117647

0.2867647059

0.2867647059

0.2941176471

0.2941176471

0.3014705882

0.3014705882

0.3088235294

0.3088235294

0.3161764706

0.3161764706

0.3235294118

0.3235294118

0.3308823529

0.3308823529

0.3382352941

0.3382352941

0.3455882353

0.3455882353

0.3529411765

0.3529411765

0.3602941176

0.3602941176

0.3676470588

0.3676470588

0.375

0.375

0.3823529412

0.3823529412

0.3897058824

0.3897058824

0.3970588235

0.3970588235

0.4044117647

0.4044117647

0.4117647059

0.4117647059

0.4191176471

0.4191176471

0.4264705882

0.4264705882

0.4338235294

0.4338235294

0.4411764706

0.4411764706

0.4485294118

0.4485294118

0.4558823529

0.4558823529

0.4632352941

0.4632352941

0.4705882353

0.4705882353

0.4779411765

0.4779411765

0.4852941176

0.4852941176

0.4926470588

0.4926470588

0.5

0.5

0.5073529412

0.5073529412

0.5147058824

0.5147058824

0.5220588235

0.5220588235

0.5294117647

0.5294117647

0.5367647059

0.5367647059

0.5441176471

0.5441176471

0.5514705882

0.5514705882

0.5588235294

0.5588235294

0.5661764706

0.5661764706

0.5735294118

0.5735294118

0.5808823529

0.5808823529

0.5882352941

0.5882352941

0.5955882353

0.5955882353

0.6029411765

0.6029411765

0.6102941176

0.6102941176

0.6176470588

0.6176470588

0.625

0.625

0.6323529412

0.6323529412

0.6397058824

0.6397058824

0.6470588235

0.6470588235

0.6544117647

0.6544117647

0.6617647059

0.6617647059

0.6691176471

0.6691176471

0.6764705882

0.6764705882

0.6838235294

0.6838235294

0.6911764706

0.6911764706

0.6985294118

0.6985294118

0.7058823529

0.7058823529

0.7132352941

0.7132352941

0.7205882353

0.7205882353

0.7279411765

0.7279411765

0.7352941176

0.7352941176

0.7426470588

0.7426470588

0.75

0.75

0.7573529412

0.7573529412

0.7647058824

0.7647058824

0.7720588235

0.7720588235

0.7794117647

0.7794117647

0.7867647059

0.7867647059

0.7941176471

0.7941176471

0.8014705882

0.8014705882

0.8088235294

0.8088235294

0.8161764706

0.8161764706

0.8235294118

0.8235294118

0.8308823529

0.8308823529

0.8382352941

0.8382352941

0.8455882353

0.8455882353

0.8529411765

0.8529411765

0.8602941176

0.8602941176

0.8676470588

0.8676470588

0.875

0.875

0.8823529412

0.8823529412

0.8897058824

0.8897058824

0.8970588235

0.8970588235

0.9044117647

0.9044117647

0.9117647059

0.9117647059

0.9191176471

0.9191176471

0.9264705882

0.9264705882

0.9338235294

0.9338235294

0.9411764706

0.9411764706

0.9485294118

0.9485294118

0.9558823529

0.9558823529

0.9632352941

0.9632352941

0.9705882353

0.9705882353

0.9779411765

0.9779411765

0.9852941176

0.9852941176

0.9926470588

0.9926470588

1

1



Tabelle3

		44		56

		48		70

		74		72

		85		76

		86		80

		90		80

		90		81

		92		82

		93		85

		93		85

		93		85

		93		85

		94		87

		96		87

		97		89

		97		89

		99		90

		99		91

		100		91

		100		92

		100		92

		100		92

		100		94

		101		95

		101		95

		101		95

		101		95

		103		95

		103		95

		103		95

		103		95

		103		97

		104		97

		104		99

		106		99

		106		99

		106		99

		107		100

		108		100

		108		100

		108		100

		108		100

		108		100

		110		101

		110		101

		111		101

		113		101

		113		101

		113		103

		113		103

		113		103

		113		104

		114		104

		114		104

		114		104

		114		104

		114		104

		114		104

		114		105

		115		105

		115		105

		115		105

		115		105

		115		105

		115		106

		118		106

		118		106

		120		108

		120		108

		120		108

		120		108

		120		108

		120		108

		120		109

		121		109

		121		109

		121		110

		121		110

		121		110

		121		110

		121		110

		121		110

		121		110

		121		111

		121		111

		122		111

		122		111

		122		111

		122		111

		122		111

		122		111

		124		111

		124		111

		125		111

		125		113

		125		113

		125		113

		125		113

		125		113

		125		114

		125		114

		127		114

		127		115

		127		115

		128		116

		128		116

		128		116

		128		116

		128		116

		129		116

		129		116

		129		118

		129		118

		129		120

		129		120

		129		120

		133		120

		133		120

		133		120

		133		121

		135		123

		135		123

		135		123

		135		124

		135		124

		136		124

		136		126

		136		126

		136		128

		139		128

		139		129

		139		129

		142		129

		143		130

		147		133

		149		137

		150		143

		153		144



pIQ

vIQ

IQ

Fraction of children below specified IQ

IQ distribution, exposed children

0.0072463768

0.0072463768

0.0144927536

0.0144927536

0.0217391304

0.0217391304

0.0289855072

0.0289855072

0.0362318841

0.0362318841

0.0434782609

0.0434782609

0.0507246377

0.0507246377

0.0579710145

0.0579710145

0.0652173913

0.0652173913

0.0724637681

0.0724637681

0.0797101449

0.0797101449

0.0869565217

0.0869565217

0.0942028986

0.0942028986

0.1014492754

0.1014492754

0.1086956522

0.1086956522

0.115942029

0.115942029

0.1231884058

0.1231884058

0.1304347826

0.1304347826

0.1376811594

0.1376811594

0.1449275362

0.1449275362

0.152173913

0.152173913

0.1594202899

0.1594202899

0.1666666667

0.1666666667

0.1739130435

0.1739130435

0.1811594203

0.1811594203

0.1884057971

0.1884057971

0.1956521739

0.1956521739

0.2028985507

0.2028985507

0.2101449275

0.2101449275

0.2173913043

0.2173913043

0.2246376812

0.2246376812

0.231884058

0.231884058

0.2391304348

0.2391304348

0.2463768116

0.2463768116

0.2536231884

0.2536231884

0.2608695652

0.2608695652

0.268115942

0.268115942

0.2753623188

0.2753623188

0.2826086957

0.2826086957

0.2898550725

0.2898550725

0.2971014493

0.2971014493

0.3043478261

0.3043478261

0.3115942029

0.3115942029

0.3188405797

0.3188405797

0.3260869565

0.3260869565

0.3333333333

0.3333333333

0.3405797101

0.3405797101

0.347826087

0.347826087

0.3550724638

0.3550724638

0.3623188406

0.3623188406

0.3695652174

0.3695652174

0.3768115942

0.3768115942

0.384057971

0.384057971

0.3913043478

0.3913043478

0.3985507246

0.3985507246

0.4057971014

0.4057971014

0.4130434783

0.4130434783

0.4202898551

0.4202898551

0.4275362319

0.4275362319

0.4347826087

0.4347826087

0.4420289855

0.4420289855

0.4492753623

0.4492753623

0.4565217391

0.4565217391

0.4637681159

0.4637681159

0.4710144928

0.4710144928

0.4782608696

0.4782608696

0.4855072464

0.4855072464

0.4927536232

0.4927536232

0.5

0.5

0.5072463768

0.5072463768

0.5144927536

0.5144927536

0.5217391304

0.5217391304

0.5289855072

0.5289855072

0.5362318841

0.5362318841

0.5434782609

0.5434782609

0.5507246377

0.5507246377

0.5579710145

0.5579710145

0.5652173913

0.5652173913

0.5724637681

0.5724637681

0.5797101449

0.5797101449

0.5869565217

0.5869565217

0.5942028986

0.5942028986

0.6014492754

0.6014492754

0.6086956522

0.6086956522

0.615942029

0.615942029

0.6231884058

0.6231884058

0.6304347826

0.6304347826

0.6376811594

0.6376811594

0.6449275362

0.6449275362

0.652173913

0.652173913

0.6594202899

0.6594202899

0.6666666667

0.6666666667

0.6739130435

0.6739130435

0.6811594203

0.6811594203

0.6884057971

0.6884057971

0.6956521739

0.6956521739

0.7028985507

0.7028985507

0.7101449275

0.7101449275

0.7173913043

0.7173913043

0.7246376812

0.7246376812

0.731884058

0.731884058

0.7391304348

0.7391304348

0.7463768116

0.7463768116

0.7536231884

0.7536231884

0.7608695652

0.7608695652

0.768115942

0.768115942

0.7753623188

0.7753623188

0.7826086957

0.7826086957

0.7898550725

0.7898550725

0.7971014493

0.7971014493

0.8043478261

0.8043478261

0.8115942029

0.8115942029

0.8188405797

0.8188405797

0.8260869565

0.8260869565

0.8333333333

0.8333333333

0.8405797101

0.8405797101

0.847826087

0.847826087

0.8550724638

0.8550724638

0.8623188406

0.8623188406

0.8695652174

0.8695652174

0.8768115942

0.8768115942

0.884057971

0.884057971

0.8913043478

0.8913043478

0.8985507246

0.8985507246

0.9057971014

0.9057971014

0.9130434783

0.9130434783

0.9202898551

0.9202898551

0.9275362319

0.9275362319

0.9347826087

0.9347826087

0.9420289855

0.9420289855

0.9492753623

0.9492753623

0.9565217391

0.9565217391

0.9637681159

0.9637681159

0.9710144928

0.9710144928

0.9782608696

0.9782608696

0.9855072464

0.9855072464

0.9927536232

0.9927536232

1

1



		44		71

		48		97

		74		97

		85		99

		86		99

		90		100

		90		100

		92		101

		93		101

		93		101

		93		103

		93		104

		94		104

		96		104

		97		104

		97		107

		99		107

		99		107

		100		107

		100		107

		100		107

		100		107

		100		108

		101		108

		101		108

		101		108

		101		108

		103		108

		103		108

		103		110

		103		111

		103		111

		104		111

		104		111

		106		111

		106		111

		106		111

		107		111

		108		113

		108		113

		108		114

		108		114

		108		114

		110		115

		110		115

		111		115

		113		115

		113		115

		113		118

		113		118

		113		118

		113		118

		114		118

		114		118

		114		118

		114		118

		114		118

		114		118

		114		119.2127659574

		115		119.2127659574

		115		120

		115		120

		115		120

		115		120

		115		120

		118		120

		118		120

		120		120

		120		120

		120		120

		120		121

		120		121

		120		121

		120		121

		121		121

		121		121

		121		121

		121		121

		121		121

		121		121

		121		121

		121		121

		121		121

		121		121

		121		122

		122		122

		122		122

		122		122

		122		122

		122		122

		122		122

		124		122

		124		122

		125		122

		125		122

		125		122

		125		122

		125		124

		125		125

		125		125

		125		125

		127		125

		127		125

		127		125

		128		127

		128		127

		128		127

		128		128

		128		128

		129		128

		129		128

		129		128

		129		128

		129		128

		129		128

		129		129

		133		129

		133		129

		133		129

		133		129

		135		129

		135		129

		135		129

		135		132

		135		132

		136		132

		136		133

		136		135

		136		135

		139		135

		139		139

		139		139

		142		140

		143		140

		147		140

		149		140

		150

		153



Exposed children

Control children

IQ

Fraction of children below specified IQ

Performance IQ

0.0072463768

0.0073529412

0.0144927536

0.0147058824

0.0217391304

0.0220588235

0.0289855072

0.0294117647

0.0362318841

0.0367647059

0.0434782609

0.0441176471

0.0507246377

0.0514705882

0.0579710145

0.0588235294

0.0652173913

0.0661764706

0.0724637681

0.0735294118

0.0797101449

0.0808823529

0.0869565217

0.0882352941

0.0942028986

0.0955882353

0.1014492754

0.1029411765

0.1086956522

0.1102941176

0.115942029

0.1176470588

0.1231884058

0.125

0.1304347826

0.1323529412

0.1376811594

0.1397058824

0.1449275362

0.1470588235

0.152173913

0.1544117647

0.1594202899

0.1617647059

0.1666666667

0.1691176471

0.1739130435

0.1764705882

0.1811594203

0.1838235294

0.1884057971

0.1911764706

0.1956521739

0.1985294118

0.2028985507

0.2058823529

0.2101449275

0.2132352941

0.2173913043

0.2205882353

0.2246376812

0.2279411765

0.231884058

0.2352941176

0.2391304348

0.2426470588

0.2463768116

0.25

0.2536231884

0.2573529412

0.2608695652

0.2647058824

0.268115942

0.2720588235

0.2753623188

0.2794117647

0.2826086957

0.2867647059

0.2898550725

0.2941176471

0.2971014493

0.3014705882

0.3043478261

0.3088235294

0.3115942029

0.3161764706

0.3188405797

0.3235294118

0.3260869565

0.3308823529

0.3333333333

0.3382352941

0.3405797101

0.3455882353

0.347826087

0.3529411765

0.3550724638

0.3602941176

0.3623188406

0.3676470588

0.3695652174

0.375

0.3768115942

0.3823529412

0.384057971

0.3897058824

0.3913043478

0.3970588235

0.3985507246

0.4044117647

0.4057971014

0.4117647059

0.4130434783

0.4191176471

0.4202898551

0.4264705882

0.4275362319

0.4338235294

0.4347826087

0.4411764706

0.4420289855

0.4485294118

0.4492753623

0.4558823529

0.4565217391

0.4632352941

0.4637681159

0.4705882353

0.4710144928

0.4779411765

0.4782608696

0.4852941176

0.4855072464

0.4926470588

0.4927536232

0.5

0.5

0.5073529412

0.5072463768

0.5147058824

0.5144927536

0.5220588235

0.5217391304

0.5294117647

0.5289855072

0.5367647059

0.5362318841

0.5441176471

0.5434782609

0.5514705882

0.5507246377

0.5588235294

0.5579710145

0.5661764706

0.5652173913

0.5735294118

0.5724637681

0.5808823529

0.5797101449

0.5882352941

0.5869565217

0.5955882353

0.5942028986

0.6029411765

0.6014492754

0.6102941176

0.6086956522

0.6176470588

0.615942029

0.625

0.6231884058

0.6323529412

0.6304347826

0.6397058824

0.6376811594

0.6470588235

0.6449275362

0.6544117647

0.652173913

0.6617647059

0.6594202899

0.6691176471

0.6666666667

0.6764705882

0.6739130435

0.6838235294

0.6811594203

0.6911764706

0.6884057971

0.6985294118

0.6956521739

0.7058823529

0.7028985507

0.7132352941

0.7101449275

0.7205882353

0.7173913043

0.7279411765

0.7246376812

0.7352941176

0.731884058

0.7426470588

0.7391304348

0.75

0.7463768116

0.7573529412

0.7536231884

0.7647058824

0.7608695652

0.7720588235

0.768115942

0.7794117647

0.7753623188

0.7867647059

0.7826086957
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Fetal dose (mSv)
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2

17

1

22

2

13

22

10

17

-5

14

9

14

-3

9

9

21

1

15

-1

12

19

-4

2

14

10

8

-27

9

13



Tabelle1

		

		Intergral Fetal Dose , mSv		Equivalent Thyroid Dose in utero, mSv (ICRP 88)		performance-verbal

		61.6		390.7		-29

		79.9		1193.3		20

		53.0		308.8		3

		40.0		500.4		26

		67.0		538.9

		80.5		1078.0		2

		57.4		656.6		3

		72.0		1580.0

		78.0		984.0		28

		32.7		260.3		27

		44.5		352.2

		116.9		1580.0		15

		34.2		0.0		19

		100.9		1410.5		-4

		116.9		1645.3		27

		46.6		539.1		30

		38.3		1453.7		29

		27.8		1.6

		49.8		0.0		23

		10.4		0.3		-11

		89.3		1661.3		5

		39.5		399.7

		62.3		9.6		7

		97.6		1222.2		21

		77.0		1295.5		13

		28.2		0.3		-5

		60.4		1167.5

		49.8		324.1		3

		52.2		401.0		27

		10.8		185.8		17

		50.4		760.0		13

		27.9		0.4		24

		39.3		399.7		14

		33.0		0.0		-1

		88.8		1379.7		-4

		31.3		3.5		22

		73.9		811.4		9

		51.3		401.1

		120.5		1846.3		-25

		86.7		1190.0		4

		60.8		506.4		13

		56.6		683.2

		104.5		1256.3		-17

		37.0		3.5		27

		36.9		299.8		-1

		56.8		657.9		4

		81.9		844.4

		78.0		984.0		-8

		94.2		1249.2		2

		79.8		1305.5		10

		21.4		270.6		3

		51.1		421.3		33

		132.1		2748.3		7

		49.4		285.4		2

		25.9		0.3		22

		47.0		390.7		-12

		28.4		4.7		5

		77.1		1021.5		-12

		26.4		440.4		10

		57.8		889.3		17

		100.7		2399.0		-25

		98.7		1376.7		9

		39.6		5.7		26

		29.0		4.6		30

		59.0		846.9		9

		57.3		720.0		12

		73.9		983.4		-8

		80.6		1079.9		17

		98.9		1669.0		7

		127.7		1390.2		16

		58.7		791.7		26

		91.4		783.9		14

		90.7		1656.2		12

		102.3		1093.5		54

		76.3		1037.2

		80.8		1034.1		7

		32.3		1372.3		22

		62.7		959.7		15

						-7

		77.1		20.4		-23

		23.7		0.3

		41.3		399.7		23

		29.3		4.8		3

		100.2		1256.4		3

		24.4		299.8		27

						14

		37.7		299.8		21

		114.0		1602.6		-13

		129.8		1708.1		3

		47.6		437.3		-28

		44.1		380.5		-3

		33.5		419.8		11

		88.4		1537.3		-7

		74.0		745.0		17

		78.3		989.0		14

		87.7		1195.7		-1

		32.5		0.0		6

		60.5		516.5		-12

		21.1		0.3		30

		79.7		989.0		41

		269.2		3210.5		13

		58.2		903.7		34

		67.7		989.0		12

		75.4		1020.0		25

		71.3		957.4		2

		51.9		527.0

		29.6		7.9		-15

		71.9		984.0		4

		72.8		780.3		20

		46.6		399.7		3

		28.9		0.4		23

		81.4		1300.5		10

		110.2		1580.0		17

		79.2		1281.1		40

		50.7		0.4		5

		40.1		283.6		20

		75.3		1037.2		25

		28.8		3.5

		39.2		0.0		30

		78.4		1325.6

		27.1		4.8

		101.8		1254.3		2

		68.9		390.4		17

		125.0		1665.4		1

		72.8		744.2		22

		24.5		4.8		2

		46.6		399.7		13

		126.0		1734.5		22

		89.9		1037.2		10

		23.9		167.3		17

		40.5		0.5		-5

		102.9		1517.8		14

		26.0		133.0		9

		74.6		801.7		14

		78.3		989.0		-3

		67.4		1193.6		9

		32.2		0.4		9

		162.7		2497.3		21

		84.8		9.6		1

		52.6		0.0		15

				989.0		4

		89.4		992.6		-1

		29.7		0.5		12

		86.4		1286.5		19

		90.5		1344.5		-4

		116.9		1580.0

		71.1		957.4		2

		46.6		399.7

		65.3		747.6		14

		71.8		0.0		10

		35.8		256.7		8

		56.7		643.4		-27

		19.6		0.0		9

		72.1		1041.9		13

		65.4		760.4		9.8

		33.9		631.8		14.5

		151.0		152.0		137.0

		2.8		51.2		1.2

		10.4		0.0		-29

		269.2		3210.5		54

		Intergral Fetal Dose , mSv		Equivalent Thyroid Dose in utero, mSv (ICRP 88)

		1.27		27.4558064516		9

		1.131		110.6767741935		15

		1.0946		110.6767741935		9

		1.1848396005		69.1374193548		-3

		1.1934		69.1374193548		22

		1.2506		27.4558064516		-11

		1.1848396005		27.4558064516		17

		1.2116		69.1374193548		-4

		2.67		27.4558064516		4

		1.2922		0.0244683871		3

		1.3		0.0244683871		-8

		1.1848396005		110.6767741935		-4

		1.1848396005		110.6767741935		-4

		2.51		27.4558064516		-10

		1.1518		110.6767741935		-12

		1.1848396005		69.1374193548		28

		1.1848396005		110.6767741935		-22

		1.29		0.0244683871		-16

		1.28		0.3215032258		-1

		1.29		0.0244683871		-15

		1.1848396005		69.1374193548		-5

		1.3156		0.0244683871		11

		1.261		27.4558064516		28

		1.1848396005		69.1374193548		29

		1.248		27.4558064516		3

		0.8658		0		-9

		0.23		110.6767741935		5

		2.5		110.6767741935		-11

		1.1848396005		69.1374193548		6

		1.1848396005		69.1374193548		5

		1.18		110.6767741935		3

		1.28		0.3215032258		-7

		1.2922		0.0244683871		33

		1.1848396005		110.6767741935		8

		1.287		0.3215032258		11

		1.248		27.4558064516		-12

		1.1848396005		110.6767741935		-5

		1.15		69.1374193548		-1

		1.29		0.0244683871		-7

		1.31		0		7

		1.1848396005		110.6767741935		31

		1.3		0.0244683871		-7

		1.31		0		-1

		1.1848396005		110.6767741935		18

		1.19		69.1374193548

				0.3215032258		9

		1.31		0		21

		1.2922		0.0244683871		13

		1.1848396005		27.4558064516		33

		1.1848396005		110.6767741935		-6

		1.17		69.1374193548

		1.29		0.0244683871		-16

		1.066		110.6767741935		-6

		1.3		0		7

		1.3		0		19

		1.1848396005		69.1374193548		-4

		1.28		0.3215032258		15

		1.1848396005		110.6767741935		-21

		1.248		27.4558064516

		1.28		0.3215032258		-8

		1.1848396005		110.6767741935		19

		1.2012		69.1374193548		8

		1.2		69.1374193548		-3

		1.2194		69.1374193548		-1

		1.2506		27.4558064516		-5

		1.1848396005		27.4558064516		1

		0		0		12

		1.28		0.3215032258

		1.27		0		5

		1.28		0.3215032258		-20

		1.2		69.1374193548		-2

		1.2116		69.1374193548		2

		1.17		69.1374193548		6

				0

		1.1848396005		27.4558064516		-7

		1.1848396005		0.3215032258		24

		1.27		27.4558064516

		1.22		69.1374193548		6

		0.23		110.6767741935		3

		1.1848396005		0.0244683871		9

		1.1848396005		110.6767741935		-5

		1.3		0		6

		2.5		110.6767741935		-10

		1.19		69.1374193548		-5

		1.1848396005		69.1374193548

		1.1848396005		69.1374193548		1

		0.83		110.6767741935		5

		1.1154		110.6767741935		-10

		1.1154		110.6767741935		-9

		1.29		0.0244683871		-2

		1.2506		27.4558064516		-1

		1.1284		110.6767741935		-12

		1.21		69.1374193548		-10

		1.287		0.0244683871		5

		1.1492		110.6767741935		6

		1.1492		27.4558064516		9

		1.3052		0		-5

		1.1848396005		27.4558064516		2

		1.23682		69.1374193548		6

		1.31		0.0244683871		9

		1.31		0

		1.31		0		-1

		1.27		27.4558064516

		1.23682		69.1374193548		16

		1.29		0.0244683871		-13

		1.2324		69.1374193548		-1

		1.1848396005		0.3215032258		1.2127659574

		1.2571		27.4558064516		9

		1.31		0.0244683871		-17

		1.196		69.1374193548		-9

		1.31		0.0244683871		17

		1.24		27.4558064516		-4

		1.28		0.3215032258		21

		1.29		0.0244683871		10

		1.31		0.0244683871		8

		1.31		0		1

		1.1848396005		27.4558064516		-4

		1.2337		69.1374193548		7

		1.29		0.0244683871		-16

		1.1388		110.6767741935		-11

		1.29		0.0244683871		-3

		1.2792		0.3215032258		11

		1.28		0.3215032258		-20

		0.858		110.6767741935		-17

		2.67		0.3215032258		3

		1.31		0		-15

		0.83		110.6767741935		6

		0.78		110.6767741935		15

		1.2792		0.3215032258		20

		1.21		69.1374193548		-9

		1.31		0		8

		1.23994		27.4558064516		-9

		1.24228		27.4558064516		-13

		1.014		110.6767741935		-14

		1.31		0		-16

		1.16		69.1374193548		-4

		1.2922		0.0244683871		-6

		1.26		27.4558064516

		1.1848396005		69.1374193548		-2

		1.1848396005		69.1374193548		-1

		1.27		27.4558064516		7

		1.18		69.1374193548		-8

		1.16		69.1374193548		-3

		1.2402034583		44.4946258606		1.2572388418

		0.3137759488		43.2597463515		12.0621008074

		141		143		133

		0.0264247018		3.6175617241		1.0459167863

		0		0		-22

		2.67		110.6767741935		33
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