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 9 

INTERPRETIVE SUMMARY 10 

  11 

Feed derived iodine overrides environmental contribution to cow milk. 12 

Iodine sources to dairy cattle production systems were investigated to determine the 13 

role that grass, silage and feed supplements had to play with respect to resultant 14 

milk iodine concentrations. Farm survey showed there was a good correlation 15 

between environmental samples soil, grass and silage in relation to iodine but not 16 

milk. Milk iodine concentrations were universally high in year-round housed cows, 17 

and decreased in approximately 50% of farms that operated summer pasture 18 

regimens. Feed supplement was generally high in iodine, and supplementation is the 19 

dominant source of this element to milk.  20 

  21 
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ABSTRACT 22 

Iodine is deficient in diets worldwide, leading to a range of undesirable health affects 23 

at the population level. Dairy products are a primary source of iodine in the diets for 24 

those populations in which iodised salt is not systematically utilised or available. Yet, 25 

the flows of iodine through dairy agroecosystems are not well understood. The aim of 26 

this research was to investigate iodine flows though the dairy agroecosystem; 27 

including the influence of atmospheric depositional inputs, environmental variables, 28 

season, husbandry and diet. Three farm based sampling campaigns were conducted 29 

in this investigation with milk, soil, silage, grass and feed iodine determined by 30 

inductively coupled plasma-mass spectroscopy, and non-parametric statistical 31 

analysis tests were conducted on data sets obtained. Natural iodine inputs into the 32 

environment are dominated by atmospheric deposition, which was dominated by sea 33 

spray, and thus location of farms to coast and prevailing wind direction. Herbage, and 34 

silage produced from herbage, strongly correlated with soil iodine, yet there was a 35 

strong disconnect between soil, forage and feed and the milk that results. This was 36 

due to the levels of iodine in supplemental feeds being ~10-fold higher than in forage 37 

derived feeds. The practice of feed supplementation, accentuated by summer housing 38 

of cows, led to elevated milk iodine.  39 

 40 

Key words: cows, iodine, milk, silage  41 
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INTRODUCTION 42 

 43 

Iodine is an essential element that is widely deficient in the diet in numerous 44 

industrialised countries including, UK, Ireland, Norway, New Zealand, and Australia 45 

(Nawoor et al., 2006; Zimmermann, 2011). Furthermore, vulnerable population groups 46 

including females of childbearing age and pregnant women are at risk of being iodine 47 

deficient in the UK and Ireland (Bath et al., 2014; Mullan et al., 2018). The most 48 

common and visible effect of iodine deficiency is goitre, the swelling of the thyroid 49 

gland observed in the neck (Hetzel, 1983). Another iodine deficiency disorder occurs 50 

during pregnancy, as the hormones produced by the thyroid gland are responsible for 51 

ensuring the normal development of the fetal brain and nervous system before birth 52 

(Patel et al., 2011). Pregnancy is a particularly important time as the thyroid gland is 53 

approximately 50% more active than usual to support hormone production essential 54 

for both the mother and fetus (NHMRC, 2010). Iodine deficiency is also problematic in 55 

animal production systems, leading to reduced fertility and health of offspring (Witchel 56 

et al., 1996). 57 

 58 

Atmospherically deposited iodine into soil is the primary entry point of this nutrient into 59 

the terrestrial food-chain in maritime influenced habitats, with iodine being elevated in 60 

marine ecosystem (Suess et al., 2019). Wet and dry deposited iodine is derived from 61 

sea-spray in addition to marine biovolatilization (Smyth and Johnson, 2011). As sea-62 

spray has a relatively short range, soils in closer proximity to marine environments are 63 

enriched in this element (Smyth et al., 2011). Terrestrial biovolatilization of iodine, and 64 
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subsequent redeposition, is thought to be important in a continental setting (Suess et 65 

al., 2019).  66 

 67 

Transfer of soil iodine from depositional inputs through crops, and subsequent animal 68 

farming production systems, is not well understood, yet this iodine flow is essential to 69 

our health and wellbeing. In particular, with respect to environmental drivers, is not 70 

well understood how geographic location, soil factors (organic matter content [OM], 71 

pH) and plant assimilation interact (Bowley et al., 2019). Transfer into herbage for 72 

dairy cattle is particularly important, not just for the health of herds, but also regarding 73 

iodine transfer into dairy products. Milk, yogurt and cheese are primary sources of 74 

iodine to human diets (Nawoor et al., 2006; O’Brien et al., 2013). The dairy industry 75 

has become more intensive with dairy cows increasingly housed either during winter 76 

or all year round, with an increasing reliance on silage and feed supplement (Smid et 77 

al., 2018; DAERA, 2019). Furthermore, the routine utilisation of disinfectant 78 

iodophores to clean teat and milk storage containers contributes to fluctuating milk 79 

iodine concentration (O’Brien et al., 2013). Research has demonstrated that the 80 

application of iodine to feed is reflected in milk iodine concentration (Norouzian et al., 81 

2011; Flachowsky et al., 2014). While essential vitamins and minerals are routinely 82 

added to silage in typical feeding systems, as (TMR), iodine is under investigated 83 

(Witchel et al., 1996; DAERA, 2019).  Furthermore, the differences between summer 84 

pasture and all-year-round housed herds, summer versus winter housing (O’Brien et 85 

al., 2013), in addition to the balance between grass, silage and feed supplemented 86 

iodine (Witchel et al., 1996; DAERA, 2019) make understanding of iodine flows in 87 

agronomic systems complex.  88 
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 89 

Here we investigate iodine flows through a dairy agroecosystem including the 90 

influence of depositional inputs, environment, husbandry and diet. This was 91 

investigated in the northeast of Ireland for 2 reasons. First, Northern Ireland has a very 92 

well characterised soil geochemistry, mapped at 2 km2 resolution (British Geological 93 

Survey, 2019), see Figure 1. This mapping shows a strong gradient in iodine from the 94 

eastern coastline to the central land-locked midlands (Smyth and Johnson., 2011). 95 

Second, intensive large animal production systems, of which dairy and beef dominate, 96 

are the mainstay of the economy and dairy farming is geographically widespread 97 

(Titterington et al., 2017), as illustrated by the distribution of our study farms (Figure 98 

1). Here we use the north-eastern Irish agronomic setting to test key issues regarding 99 

iodine in food-chains.   100 



6 
 

MATERIALS AND METHODS 101 

 102 

Sample Collection 103 

Three experimental sampling campaigns are presented here: a detailed survey of 104 

dairy farms conducted over winter and summer; a more detailed investigation into cow 105 

husbandry practices; and determining iodine inputs from atmospheric deposition. 106 

Water samples were not analysed in this study as various publications have identified 107 

that the iodine concentrations of water in the UK and Ireland are <3µg/L, therefore are 108 

unlikely to contribute to milk iodine concentrations (Dahl et al., 2003; Vanderpump et 109 

al., 2011; Mullan et al., 2019). 110 

 111 

For the detailed farm-based campaigns, the initial sample collection was conducted in 112 

January - February 2016 for 71 farms across Northern Ireland (Figure 1). Samples 113 

were collected from enterprises focused on dairy production, with herd size ranging 114 

from 60 -250 lactating cows. Additionally, all animals were housed in barns at least 115 

part of the year, with 65 herds being grazed during the more temperate months. For 116 

each farm, milk samples (50 mL) were collected from 6 randomly selected cows at 117 

milking, to ascertain iodine variability within a herd. Samples were collected from 118 

individual homogenised sampling tanks to ensure a representative milk sample was 119 

collected. Additionally, from each farm a composite sample of topsoil (0-20cm) was 120 

collected using soil corer (3 cm diameter) from 4 locations throughout the field to obtain 121 

a representative sample of the paddock. Additionally, a forage grass sample was 122 

obtained from the respective paddock. Silage provided to the herd was also sampled 123 

and to facilitate homogeneity, silage was collected from 5 regions throughout the feed-124 

bunk barn and combined and mixed to give a uniform sample. A second survey was 125 
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conducted during the July 2017 with a subset of 48 farms selected, those that grazed 126 

the cattle. This sampling campaign involved the sample collection of milk from 6 127 

(50mL) randomly selected cows and a subsample of grass from a grazed paddock 128 

from each farm.  129 

 130 

In addition to the winter (n=71) and summer (n=48) sampling campaigns outlined. For 131 

the husbandry exploration, an additional 114 farms were recruited in Northern Ireland 132 

and surveyed during February 2019 to further investigate how feeding and hygiene, 133 

potential teat cleaning and disinfection with iodophores, affected milk iodine. Here, 134 

bulk tank milk per farm and feed provided to the herd was sampled. In addition to this 135 

sample collection, farmers were questioned on various husbandry practices including 136 

teat hygiene practice, feed supplementation, and supplementary feed sub-sampled for 137 

analysis.   138 

 139 

Iodine was measured in wet and dry deposition for a Northern Irish East coast rural 140 

location, 54.617 N, -5.817 W, between Bangor and Belfast (Figure 1), during the 141 

summer and winter of 2015-2017, relevant to the time period when the main farm 142 

survey was conducted. Depositional sampling location and methodology are given in 143 

Savage et al. (2019). 144 

 145 

Sample preparation 146 

Water, milk, soil, silage and grass samples were stored at -20°C for 3 months during 147 

the collection period until subsequent analysis (Hansson et al., 2008). In preparation 148 

for iodine ICP-MS quantification, all milk samples were freeze-dried overnight using a 149 
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Christ Alpha 1-4 LD Plus freeze dryer (Christ, Osterode, Germany). Freeze-dried 150 

samples were then fat extracted via homogenization in a 2:1 petroleum ether/diethyl 151 

ether (BDH Dorset, Poole) solution, generating a powdered milk sample. Samples of 152 

soil, silage and grass were dried in an oven at 70°C overnight (N6S, Genlab Widnes, 153 

England). Once dried; the silage and grass samples were placed into the Planetary 154 

Ball Mill (RETSH, PM100 Ball Mill, Germany), at the settings 500 rpm for 5 min to 155 

generate a homogenous and representative powder. The soil was ground by hand 156 

using a mortar and pestle and passed through a 2 mm sieve.   157 

 158 

Powdered milk, silage and grass were accurately weighed to 100 mg and 1 mL of 5% 159 

(w/v) tetramethylammonium hydroxide (TMAH) solution (Sigma-Aldrich, USA) was 160 

added to each sample and allowed to sit overnight. Following this, 4.5 mL of standard 161 

deionised water >18.2MΩ.cm (at 25°C) was added to each sample and samples were 162 

placed in a microwave (Mars 6 240150, CEM Microwave Technology) for a 50-minute 163 

cycle. To each sample, 10 µL of the internal standard rhodium (Fluka Analytical, 164 

Sigma-Aldrich, USA) was added and samples were made up to 10 mL using standard 165 

deionised water. Milk samples were centrifuged and filtered using a cellulose steripop 166 

TM 0.45 µm Millipore express filter unit (Millex, Millipore, USA).  Finally, 3 mL of 0.5% 167 

TMAH solution was added to 3 mL of the filtered sample solution. Similarly, the soil, 168 

silage and grass samples were centrifuged and 1 in 10 dilutions was prepared with 169 

0.5% TMAH. Iodine concentration in the digests was quantified by inductively-coupled 170 

plasma- mass spectrometry (ICP-MS) (Thermo Scientific Icap Q, Thermo Scientific, 171 

USA). 172 

 173 
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Blanks were prepared using standard (10 mL) deionised water >18.2MΩ.cm (at 25°C) 174 

in the same manner as samples prepared for each instrument run. The Limit of 175 

Detection was calculated as the average concentration in the blank + 3 times the 176 

standard deviation for element mix. In addition to the blanks, Certified Reference 177 

Materials (CRM) were also completed in triplicate for each instrument run: skimmed 178 

milk powder, ERM BD151; soil, NCS ZC73007; and citrus leaf, NCS ZC73018. A citrus 179 

leaf CRM used for vegetation as it is certified for iodine.  180 

 181 

To determine the soil pH, 2g of soil was added to 10 mL of deionised water 182 

>18.2MΩ.cm and the solutions were vortexed (VWR, DVX-2500 Multitube Vortexes), 183 

at 1,500 rpm for 15 minutes. Then pH was measured using a VWR, Phenomenal pH 184 

100H instrument. Loss on ignition (LoI) was used to determine the OM content of the 185 

soil samples. Approximately 5g (+/-1g) was accurately weighed into the crucible. This 186 

sample was placed into the muffle furnace (Carbolite, England) at 500°C for 3 hours 187 

and allowed to cool to ambient in a desiccator. The ashed sample and crucible was 188 

reweighed and recorded.  189 

 190 

Statistical Analysis 191 

Statistical analysis was conducted using GraphPad Prism (version 8.11, USA). Initial 192 

analysis of variance outputs found that the residuals were not normally distributed and, 193 

therefore, non-parametric statistical tests were performed including Mann Whitney, 194 

Kruskal Wallis, 2-way ANOVA’s. These statistical tests were performed for winter, 195 

summer and husbandry campaigns were completed and indicated, as such, 196 
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throughout. In addition, log-transformation was used for any linear regression 197 

modelling.  198 

199 
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RESULTS 200 
 201 

Environmental survey 202 

The iodine concentration in the CRM were above the Limit of Detection, with milk, 203 

grass, silage and soil recoveries of 83%, 91%, and 84%, respectively (Table 1). The 204 

iodine concentrations of pasture soils ranged from 0.78 to 89.43 mg/kg DM, a 100-fold 205 

variation. The overall median iodine concentration of soil was 4.42 mg/kg DM. Linear 206 

regression analysis indicated, there was a statistically significant variation in soil iodine 207 

concentrations longitudinally, rising west to east, with no significant difference 208 

latitudinally (Figure 2). The LoI of the soil in this study ranged between 6-34%, and 209 

through linear regression analysis indicates there was not a statistically significant 210 

relationship between soil iodine concentration and LoI. The pH levels of soils 211 

characterised here ranged from 4.1 to 6.9, with no relationship between iodine 212 

concentrations in soils and pH of the soil.  213 

 214 

Linear regression analysis illustrated a positive and highly significant relationship 215 

between soil and winter grass iodine concentration (Figure 2), but not with summer 216 

grass. Iodine concentrations in winter grass varied from 0.16 to 9.69 mg/kg DM., with 217 

a median iodine concentration of 0.86 mg/kg DM, with iodine concentrations in grass 218 

being ~5-fold lower than soils (Figure 3). Summer grass was 2.4-times lower than 219 

winter grass, with concentrations ranging from 0.18-0.88 mg/kg DM. Iodine 220 

concentrations in silage provided a range 0.10 - 10.25 mg/kg DM., with a median 221 

iodine concentration of 0.33 mg/kg (Figure 3). Further linear regression analysis found 222 

a statistically significant relationship between log10 iodine concentration between 223 

winter grass and silage, and winter grass and soil, respectively (Figure 2). A Mann-224 
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Whitney test found that the iodine concentration of silage was significantly lower than 225 

that of winter grass, but not summer grass, and that summer and winter grass were 226 

statistically different, Figure 3.  227 

 228 

Milk iodine concentrations are reported on a DM basis, the fresh weight (FW) iodine 229 

concentration of subsequent milks is provided in brackets. There was no significant 230 

correlation between either summer or winter milk with any environmental variable. 231 

Also, winter and summer milks were not significantly correlated with each other. A 232 

Mann-Whitney test found that median summer milk concentrations were ~50% of the 233 

same herds in the winter, 1.91 versus 3.87 mg/kg DM (248 versus 503 µg/kg FW), 234 

respectively (Figure 3). Similar values were obtained from another study reporting 235 

median milk iodine concentrations of 3.43 mg/kg DM (445.9 µg/kg FW), which is 236 

comparable to the iodine concentrations present in this study (Travnicek et al., 2006). 237 

There was no statistical difference between winter milks for herds housed all-year-238 

round versus those only in winter. A two-way ANOVA found different herds were 239 

significantly different in milk iodine, for both summer and winter. Summer milk medians 240 

ranged 0.32-13.73 mg/kg DM (41.6 – 1,784 µg/kg FW), with this range being 1.19-241 

18.65 mg/kg DM (155 – 2,424 µg/kg FW) for the winter. To consider the relationship 242 

between summer and winter milk produced from the same herds the data were ranked 243 

by summer milk median concentration, and median and ranges plotted for both 244 

seasons (Figure 4). What this reveals was that for 16 out of the 48 farms that medians 245 

were considerably lower during the summer as compared to winter, with little or no 246 

overlap in range of concentrations found per herd. Then at a milk iodine concentration 247 

of 1.26 mg/kg DM (164 µg/kg FW) iodine and above there was little difference in milk 248 

iodine concentrations between summer and winter, and indeed summer milk 249 
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exceeding that of winter, in 10 cases out of 32.  The highest median iodine in milk for 250 

summer and winter occurred at the same farm. Contrastingly, the farm that provided 251 

lowest summer milk had the third highest winter milk.  252 

 253 

Farm practice survey 254 

To follow-up the results of the environmental survey, 114 farms were investigated to 255 

relate milk iodine concentrations to cow husbandry, concentrating on where iodine 256 

may enter the food-chain as feed or through routine hygiene treatment. For feed, only 257 

3 out of the 114 farms surveyed fed seaweed supplements, with the milk from these 258 

farms not being particularly elevated in iodine, ranging from 3.41-3.67 mg/kg DM (443 259 

– 447 µg/kg FW) (Figure 3). More discriminatory with respect to milk iodine is whether 260 

post milking iodine based teat dips or sprays were used where median iodine in milk 261 

was 4.65 mg/kg DM (604 µg/kg FW), compared to non-iodine based teat treatments 262 

with a median of 3.28 mg/kg DM (426 µg/kg FW) and were significantly different, 263 

(Figure 3). There were 34% of farms using iodine-based teat treatments. The medians 264 

of these winter collected milks compared well to those of the wider geographical winter 265 

survey (Figure 3), and were significantly different in comparison to summer milk, 266 

containing approximately double the iodine concentration of summer milk. 267 

 268 

On selected farms (n=25) supplemental feeds were collected for analysis. The range 269 

of iodine in feed blends (forage based) was greater than that for nuts (nuts is a 270 

common term in Irish husbandry and refers to pelleted meal), 0.35-22.5 versus 0.44-271 

10.1 mg/kg DM, respectively (Figure 3). The forage blend iodine concentrations 272 

however were more skewed to low concentrations, while the reverse was true for meal. 273 
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The median iodine in blend (forage blend) was 4.54 mg/kg DM, compared to 2.75 274 

mg/kg DM in meal, but with no significant difference between both. These feed iodine 275 

contents were much higher than for silage (median 0.33 mg/kg DM) or winter grass 276 

(median 0.86 mg/kg DM).  277 

 278 

Depositional inputs 279 

Concentrations of iodine inputted into the coastal plain, i.e. optimal iodine input 280 

scenario, are reported in Figure 5. Iodine input to soil surfaces is dominated wet, as 281 

opposed to dry deposition when paired by summer or winter season, for both 282 

seasons. Winter bulk deposition was significantly lower, by 2.5-fold, compared to dry, 283 

with dry deposition being 40% lower in winter compared to summer. There was no 284 

significant difference in bulk deposition between years for the summer season.    285 

 286 

 287 

 288 

 289 

 290 

  291 
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DISCUSSION 292 

 293 

The British Geological Survey (BGS) Tellus map of Northern Ireland shows the 294 

gradient from east coast to central midlands in topsoil iodine concentration (Figure 1). 295 

Even though the prevailing wind is westerly, i.e. from the Atlantic Ocean, the central 296 

midlands are in the lee of the mountainous coast counties of Donegal and Sligo to the 297 

west. Farm sampling sites are overlain over the iodine map, showing the even 298 

distribution across the study area. Plots of iodine against eastings show the drop in 299 

iodine from east to west. Iodine is associated with OM, rising an order of magnitude in 300 

peat soils in comparison to the low OM (<5 10% LoI) soils. However, the highest iodine 301 

concentrations (>5 mg/kg iodine, the median soil concentration) are found in low OM 302 

soils. This is because low OM soils, i.e. sands and gravels, are typically found in coast 303 

regions where high iodine deposition occurs. Thus, two factors dominate iodine 304 

accumulation in soils. First is the OM content, with OM also associated with higher 305 

rainfall and, thus, higher potential depositional inputs. The second is the geographic 306 

proximity to the coast. This balance between location and soil characteristics can also 307 

be seen in the relationship between soil iodine and pH, where low pH, i.e. peats, have 308 

high iodine, but with a much wider spread of iodine concentrations as pH increases.  309 

 310 

This investigation found that while there was a strong link between region (longitude), 311 

soil, winter grass and silage iodine, there was a considerable disconnect between 312 

environmental iodine and milk concentrations. From follow-up on farms this was due 313 

to both iodine used in teat cleaning on a third of farms, leading to a 30% increase in 314 

milk iodine on those farms, and to generally high iodine in supplemental feeds. During 315 
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winter there were universally high milk iodine concentrations across all farms, while 316 

during the summer when cows were in pasture the farms split into low and high milk 317 

iodine. Silage and summer forage, from which silage is produced, was low in iodine 318 

compared to supplemental feed and to winter forage. Generally, iodine was deficient 319 

in grass, as compared to supplemental feed, despite north-eastern Ireland located on 320 

the coastal plain, having high iodine depositional inputs, and large iodine reserves in 321 

soil.  322 

 323 

Northern Ireland has a maritime dominated weather pattern and is not considered an 324 

iodine deficient environment with a median value of 11 mg/kg for topsoil in comparison 325 

to a median of 6 mg/kg for Europe (Smyth and Johnson, 2011). The study reported 326 

here found a median of 4.4 mg/kg for pasture soils. The gradient in decreasing soil 327 

iodine with longitude on an east to west basis agrees with previous literature, as the 328 

east is coastal and the west is inland, as soil iodine concentration is elevated in coastal 329 

regions due to the atmospheric deposition of iodine from sea spray (Fuge and 330 

Johnson, 1986; Smyth and Johnson, 2011). Other factors regulating soil iodine such 331 

as soil pH, the OM content and the texture are important with relation to soil iodine 332 

concentrations, in respect to the concentration of iodine inputted to the soil. That is, 333 

peat soils have higher atmospheric inputs, and the ability of soil to retain iodine (Dai 334 

and Huang, 2006). However, it was found here for pasture soils that there was no 335 

relationship between soil iodine concentration and both the OM content and pH of 336 

soils, conflicting with literature (Dai and Huang, 2006; Hong et al., 2008). This may be 337 

due to the fact that pasture soils are only a subset of the wide soil diversity, i.e. that 338 

they are selected and managed (through liming, fertilization and drainage) for optimal 339 

forage production (Hayanes and Naidu 1998; Stockfish et al., 1999).  340 
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 341 

Winter, but not summer, grass iodine correlated with those concentrations in soil for 342 

the investigation presented here, as observed by other investigators (McGrath and 343 

Flemming, 1988; Bowley et al., 2017). The results of the current study found that the 344 

iodine levels in grass collected varied from 0.16 to 9.69 mg/kg, with a median iodine 345 

concentration of 0.86 mg/kg. McGrath and Fleming (1998) found similar results, where 346 

herbage iodine ranged from 0.08 to 0.42 mg/kg. These are similar to the summer 347 

observations reported in this current study. Here a relationship between soils, winter 348 

grass, and silage was observed, but not for summer herbage. This is because forage 349 

grows more slowly in winter, 10 versus 60 kg DM/ha/d during the summer (Bowley et 350 

al., 2017; Agriland, 2019) and, therefore, has less growth dilution. Silage iodine 351 

concentrations, though prepared from summer grass, also related back to soil. The 352 

likely reason that summer grass concentrations did not relate back to soil was because 353 

of both the higher yield, and that each farm will be in a different grazing/silage cutting 354 

pattern during the summer, while winter grass is more variable as it is rarely grazed or 355 

cut. Median concentrations did not differ much between summer grass and silage, 356 

showing there is little iodine loss during silage production. Silage measurements of 357 

iodine are rarely reported, let alone the underlying factors that give rise to silage iodine 358 

content. Travnieck and Soch (2004) report silage concentrations of iodine in Czech 359 

Republic silage at 0.169 mg/kg DM, while grass from the same region was lower at 360 

0.105 mg/kg. Schone et al. (2009) report similar concentrations, 0.32 mg/kg DM, for 361 

German silage to those reported here. Given that silage is the predominant feed 362 

source provided to cattle with modern farming practice (Weinberg and Muck, 1996; 363 

DAERA, 2019). The risk of iodine deficiency is a widespread and persisting issue for 364 

beef and milk herds (Witchel et al., 1996; Rodgers and Gatley 1999; NRC, 2001). A 365 
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significant proportion of feed provided to herds in this study fell below recommended 366 

iodine concentrations from National Research Council (NRC) (0.5 mg/kg), and Irish 367 

recommendations (0.9-3.6 mg/kg) respectively. In this present study we found that 368 

depositional inputs ~ matched grass off-take, yet this depositional input was only 369 

0.04% per season of total soil iodine reserves. This is in agreement with a study 370 

looking at long-term inputs and outputs of iodine into UK pastures (Bowley et al., 371 

2017). This reinforces the view that iodine species, primarily iodide and iodate, are 372 

immobile in soils (Takeda et al., 2015), and thus iodide predominantly present in fresh 373 

depositional inputs are the driver of iodine transfer through into vegetation (Gilfedder 374 

et al., 2008; Suess et al., 2019). To place the depositional findings in context, they can 375 

be considered with respect to soil stores and grass offtake. The volume of soil in 376 

topsoil is ~ 250 kg/m2 (Bowley et al., 2017), and using the soil median iodine 377 

concentrations from Figure 2, there is 1,102 mg of iodine present in that m2 of topsoil. 378 

Summer deposition was 0.42 mg/m2, 0.04% of that pool. 379 

 380 

Here it is reported, that despite the strong environmental relationships regarding iodine 381 

in soil and that in herbage, there appears to be a disconnect in relation to milk iodine 382 

concentrations. Median milk iodine concentrations from this study showed 383 

considerable variation between farms, confirming previous literature study findings 384 

(Lee et al., 1994; Bath et al., 2011; Payling et al., 2015). Several studies have 385 

observed that the iodine concentration in milk has significantly increased in the past 386 

30 years (Lee et al., 1994; Dahl et al., 2003; Soriguer et al., 2011). The elevated iodine 387 

concentration present day in milk is thought to be due to the increase use of 388 

supplementation in farming. There is evidence that some pasture-based systems, for 389 

example white clover, contain goitrogenic compounds such as glucosinolates (Franke 390 
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et al., 2009). These compounds have the ability to bind iodine limiting transfer to milk, 391 

thus reducing milk iodine concentration. However, this is not an issue in Irish 392 

agronomic systems as the dominant source for forage and silage is perennial ryegrass 393 

(Franke et al., 2009; DAFM; 2018).There is unequivocal evidence that the season of 394 

milk production, influences the iodine concentrations in milk, literature frequently 395 

reporting higher milk iodine concentration in winter months (Flachowsky et al., 2013). 396 

This is due to enhanced supplementation during winter housing (Lee et al., 1994; 397 

O’Kane et al., 2018). Milk iodine concentrations observed in the current study 398 

displayed a similar seasonal variation to a previous Irish study reporting significantly 399 

higher milk iodine concentrations during winter months in comparison to summer 400 

(O’Brien et al., 2013; O’Kane et al., 2018). From the investigation presented here, it is 401 

clear that feed supplements are the dominant source of iodine to milk, over-riding 402 

forage grass and silage contributions. Disinfectant iodophores to disinfect teats post-403 

milking (O’Brien et al., 2013), also lead to elevation of iodine in ~30% of animals. The 404 

European Food Standards agency (EFSA), published a report in 2013 proposing that 405 

the authorised maximum levels of iodine should be reduced from 5 mg/kg iodine DM 406 

in dairy herd feed (EFSA, 2013). Furthermore, the U.S. NRC, recommended that the 407 

iodine concentration in feed to meet requirements for lactating dairy cattle is 0.5 mg/kg 408 

D.M. (NRC, 2001). These recommendations (NRC, 2001; EFSA, 2013), were not due 409 

to risk of toxicity. For example, Schöne et al. (2009) did not observe detrimental effects 410 

on ruminants provided >10 mg/kg DM. These recommendations were to eliminate the 411 

occurrence of elevated milk iodine concentrations exceeding the UL in milk 600 and 412 

200 µg/day for adults and toddlers respectively (EFSA, 2013). This demonstrates the 413 

importance of getting the balance right for ruminant and human health as milk is the 414 

main source of iodine in the diet as milk is a primary source of iodine.  415 



20 
 

 416 

CONCLUSIONS 417 

 418 

Despite strong environmental iodine relationships, there appeared to be a disconnect 419 

in relation to milk iodine and the environment. Ultimately, variable farm management 420 

practices such as the feed supplementation and the utilisation of teat iodophores 421 

contribute to variable milk iodine concentration. To mitigate fluctuating milk iodine 422 

concentrations, consistent feed practices and continuous monitoring of milk iodine 423 

concentration are needed to alleviate deficiency and reduce likelihood of toxicity.  424 
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Table 1. Iodine recoveries from Certified Reference Material (CRM). 582 
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(%) 
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BD151 

 

 

78 1.78 0.232 1.48 0.162 83 

citrus leaf 

NCS ZC73018  

 

 

20 0.53 0.048 0.484 0.071 91 

soil 

NCS ZC73007  

 

6 1.3 0.139 1.1 0.29 84 
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Figure 1. Iodine distribution in percentiles for Northern Irish topsoils calculated from 589 

the concentration data in the BGS database (BGS, 2019), overlaid with sample 590 

locations for the environmental sampling campaign. Circles are for summer pasture 591 

and winter housed, squares for all-year-round housing. Individual iodine percentile 592 

data are mapped, note that the urban conurbations of Bangor, Belfast and Derry 593 

were excluded from sampling. The inset shows the distribution of the percentile data. 594 

Below the map plots of iodine concentration against eastings. LoI and pH are shown 595 

for individual Tellus data points.  596 
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Figure 2. Linear regression scatter graphs to demonstrate statistically significant 599 

relationships between various variables for pastures.  600 
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Figure 3. Iodine concentration (mg/kg dry wt.) of soil (hexagonals) (n=71), grass 609 

(triangles winter, inverted triangles following summer) (n=71), silage (diamonds) 610 

(n=71), winter milk just winter housed (open squares) (n=71) , winter milk all-year 611 

housed (closed dark blue squares) (n=60), summer pasture-fed milk (circles) (n=48) 612 

from the environmental study; winter milk absence of teat dipping (turquoise squares), 613 

winter milk presence of post-teat dipping (green squares), cattle forage blend (stars) 614 

and meal (asterisks) from the farm practice study (n=114). 615 
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Figure 4. Iodine concentration (mg/kg dry wt.) in winter and subsequent summer 630 

milk ranked in order of summer milk concentrations. Turquoise squares are the 631 

winter milk median per farm, and winter farm data range is given by the dark grey 632 

shading; orange circles are the summer medians, while the black lines demarcate 633 

the summer range.  634 
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Figure 5. Iodine concentration in wet and dry deposition from the agronomic coastal 639 

plain of Northern Ireland with median (bars) and interquartile (lines) given.  640 
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