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INDUSl'RIAt HYGIENE SURVEY OF THE 
PHOSPHATE DUll STRY rn POLK COUNTY, FLORIDA 

Introduction 

An in-plant preliminary survey was begun o~ M'\1 28, l957, of the 

phosphate industry located in Polk County, Fl.orida, to obtain available 

information relating to the magnitude and extent of the health problems 

associated with the working environment o~ the indus'tly. The survey 

resulted ·from a request from the President o.r the International. Chemical 

Workers' Union to the Surgeon General of the fU.blic Health Service. To 

implenent the survey a series of meetings was held between representa-

tives of the Florida phosphate industry, the Florida state Board of Health, 

and the Public Health Service. The surveo.r was condlcted jointly by the 

Occupational Health Progran of the Public Health Service, and the In-

dustrial Hygiene Division of the Florida State Board of Health. 

Available data was obtain&:i !ran each plant on~ 

1. General plant layout, operations and processes. 

·2. Past and current environ.'nental studies. 

, .3. Environmental prograns for the control of occupational health 

hazards. 

4. Number of employees and length of time in indu:stry. 

5. Plant Em?loyee turnover. 

6. Plant job. cl ctSSification. 

7. History and physical exami.na. tions of employees through oo:npany 

facilities and practicing physiciar.s in the co~unity. 

8. Compensable and noncor.rpensable lost time illnesses. 
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The preliminary survey also af.forded an opportunity to coder with 

several local union officials. All local union officials were contacted 

during the · en"J'ironment al sampling program in Noverr.b er 1957 • 

Florida Phosphate Industry 

Florida phosphate rock deposits were discovered in 1.887 and are 

located in an area about 50 miles long and 40 miles wide in the central 

p:>rtion of the State. The phosphate deposits consist of pebble, sand and 

clay and are covered by an overburden of sand and clay varying in depth 

from 5 to 40 feet. Ivfining of the rock began in 1890 and today the annual 

* production in Florida is 9 to 10 million long tons per year. In 1952, 

over 96 percent of the phosphate rock used in the United States for normal 

superphosphate manufacture came from Florida. Eighty-two percent of the 

phosphate rock for triple_ superphosph~e_manu:f'acture and 83 pe!'cent far 

wet-process phosphoric acid manufacture also came from this area. The 

principal mines in Florida are located in Hillsborough~ Polk and Hardee 

Counties but the bulk of the phosphate industry' is located in Polk County. 

In mining phosphate rock~ the over'bl:z:.4en is removed by draglines. 

The phosphate matrix is hydraulically pu.r.1ped as a slurry to a beneficia-

tion plant where it is washed, concentrated~ and screened for ~ize. The 

wet concentrated ore is transported, usually by rail, to mills wher:-e it 

is dried, and nost of it is ground and screened. Host of the dried 

phosphate rock is ship~ed by rail, trucks~ and ships to plants in other 

States and foreign countries for chemical uses. 

* Chemicru. Engineering, 59:142, 1952 
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The phosphorus content of dried pebble p~sphate varies somewhat· 

'1-Jithin different areas of the deposit. ·Phosphorus, FlXpressed as P205~ 

varies .from about 32 percent to 35 percent. The rock contains over 3 per­

cent .fluoride, probably in the .fom of apatite, less than 5 percent quartz 

(.free silica), and several other minor constituents, such as urani~ 

In the production of superphosphate, ground phosphate rock is mixed 

with sulfuric acid in a batch process to prodl.ce a slurry which quickly 

sets up to .fonn a cake. This is cut out of the "den" and conveyed to the 

storage area .for aging and subsequent shipment. SUperphosphate contains 

about 18 percent to a1 percent available P205• 

Triple superphosphate, c.ontain:i.ng 45' percent to 5'0 percent available 

P2o5, is made by acidulating ground phosphate rock with phosphoric acid. 

This acid is usually made in the same plant by adding sulfuric acid to 

ground phosphate rock, which prodl.ces a slurry of dilute phosphoric acid, 

containing some sulfuric acid, and calcium sulf'ate. This slurry is 

i'U tered and the filtrate is concentrated in evaporators to yield the 

desired strength of phosphoric acic:L, The ealaium sulfate slurry usually 

news by gravity to sett1ing ponds • 

• Fluorides, mainly as hydrogen fluoride, are liberated by both 

acidulation processes. Several companies recover fluorides in one form 

or amther for sale to other users. 

Elemenl.ial phosphorus was produced at one plant during this S~Jrvey. 

The process eonsi.st!3 essentially of mixing phosphate pebbles (not grour..d) 

'With silica stone and coke. The mixinre is transported to an electric 

furnace where the phosphate is reduced to elemental phosphorus vapor. The 

vapor is condensed, collected under water, a."'ld stored for .future shipment 
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as liquid phosphorus. The electric furnaces are tapped J:eriodically to 

remove slag. 

Two plants, using different processes, produce a defluorinated 

calcium phosphate material !or animal .feed supplanents. One plant recovers 

uranium from phosphoric aci~ 

Preliminary Survey 

Dr. John H. McDonal.d, Director, Ir.dustrial. Hygiene Division, Florida 

. State Board of Health; Dr. Lewis J. Cralley, Assistant Chief, Dr. Fhilip E. 

!·!organ, !·!edical Services, and Y.:r. Andrew D. Hosey, Chief Engineering Serv-

ices, Occupational Health Field Headquarters, Public Health Service, con-

dncted a preliminary in-plant survey of the phosphate plants during the 

period May 28 through June 7, 1957. 

In Polk County, Florida, s~ven companies mine phosphate rock. AJJ. 

these companies and one other operate dry mills. Seven chemical plants 

manufacture triple superphosphate, two superphosphate, one elemental 

phosphorus, and two defluorinated_ phosphates. .Nine companies operate ll 

plants in the area and employ about 4,ooo persons, exclusive of office and 

supervisory persom~ Operations observed included: mining, rock pro­

cessing (washing and notation), drying, grinding, storage and shipment cr 

phosphate rock; manufacture of sulfuric acid, superphosphate and triple 

superphosphate, mixed fertilizers, dicalcium phosphate, defluorinated 

phosphate, potassium silicofluoride, and the storage and shipment of these 

materials; and the ma%I'.li'acture of elemental phosphorus. 

Dlring the past fiv~=? years1 a nUlnber of environmental health st.udies 

had been conducted in the plants :;urveyed. Some were conducted by con-

sultatorrJ organi~ations :md others by the pla..'"lt1 s awn staff. f·!ost of the 

I 
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studies were too limited in scope and had been done too long ago to be of 

Jmlch value. to the present survey.. At the time of the survey, only a very 

limited amount of air sampling was being done to evaluate in-plant ex-

posure levelSo However, between the time of our visit in May to do the 

pr-eliminary survey and our reillrn in October to dQ etlV'iror.mental S3li1Pling, 

a great many of the plants had initiated stack sampling programs and some 

had extended them to include in-plant air sampling., 

.A:lthough the majority of companies had instituted sane type of pro­

grsm for the control· of occupational health hazards, they were seldom 

continuous or glven adequate support.. The type of prcgram and its effecti-

veness varied greatly from plant to plant. Several of the plants had 

extensive construction programs under way to red.lc e stack anissions through 

. recovery systems as rrell as general process improvements. lVhen completed 

these will let-1er in-plant concentration levels at several locations. 

Employment in the phosphate industry in Florida appeared to be 

stable compared with other Florida industries. Hany of the dry mill ac::l 

mining employees are "old timersn having remained on the same job for 

periods of from 15 to 25 years. Most ·d t..'te chemical plants are quite new, 

having been built between 1947 and 1957. Nest have been. in operation 5 to 

6 years. It is said· that the labor turnover in this industry is very low,. 

with the exception of seasonal enployees who wol'k principally in the ship-

ping departments. 

It. was ho?ed that many cf the companies might have fairly' compre-

hensive medical records which could be collected and statistically analyzed 

to deten:Ii.ne the current health status of the worker5. This, however, was 

not JX!Ssible because such records did not exist for 91 percent of the 
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workers in that portion of the industry we contacted. 

Although 100 percent of the wor~ers had been given pre-employment 

physical examinations, only 30 percent were offered an opportunity for 

periodic examinations of any sort. Nine percent were required to partici-

pate in a medical program designed to detect asymptocatic early changes 

which might result from exposure to toxic materials at work. Somewhat less 

than 1 percent were required to have a periodic physical examination de-

signed to detect injuries or illness which might have resulted from ex-

cessive demands on muscles, bones and joints by operation of heavy equipment. 

For approximately 20 percent of the workers, annual periodic examinations 

were available on a voluntary basis. Those were done in the doctor•s 9ffice, 

in town, on the workers' own time. These examinations were general in nature 

and not specifically designed to detect job-connected illness. It was es-

timated that half the workers offered such an opportunity took advantage of 

it. Persons working with elemental phosphorus were required to have periodic 

dental examinations twice a year. 

Interviews with several local practitioners of medicine did not 

disclose any systematic out-of-plant study of phosphate worker's health. 

Although there was one suggestion that there existed an increased incidence 

of naso-pharyngitis among all inhabitants of one. community, phosphate 

worker and nonphosphate worker alike, no tabulation of cases was offered 

to prove this point, nor was there general agreement that such was the case. 

Much useful information was obtained during the preliminary survey 

through visual observations and conversations with local labor union 

oUicials, workers, plant personnel, and physicians in the area. Based on 

(1) this information and past experiences of the survey team, (2) 
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conferences with medical an:l industrial hygiene personnel at TVA's vlilson 

Dmn phosphate plant, and (3) a survey of the literature, it was decided 

that the most signi.fica."'lt health hazards might arise from exposures to dusts, 

fluorides--both gaseous and particulate, and acid mists. Naturally, the 

manufacture or eler.ental phosphorus and certain other phosphate products 

create exposures to other toxic materials in addition to those listed above. 

It was generally agreed anong manbers of the survey team that mining 

and ore concentration plants need not be :inciuded in the air sampling pro-

gram because both of these operations are wet processes and do not entail 

exposures to toxic materials. This does not deny the necessity for in-

dustrial hygiene surveillance or these operations si rx:e it is known that 

workers mixing flotation ~elutions, particularly those containing anines, 

may experience contact dermatitis or develop allergies to these substances. 

The sulfuric acid plants were not incl~ed in the sampli."lg program 

for several reasons. Foremst among these is that exposures to excessive 

concentrations of sulfur dioxide or sulfuric acid mists occurred only when 

there were leaks in equipment, breakdowns, or during improper operation of. 

the plant. In these instances protection of the worke:-s can be achieved by 

the use of personal protective equipment, such as gas masks ar..d clothing. 

The survey team did not detect, either by the sense of smell or skin irrita-

tion, any hazardous concentrations of acid or sulfur dioxide. 

Ur3llium recovery operations were not included in this sanpling pro­

gram for tuo reasons: (1) The Atomic Energy Commission had surveyed these 

operations for possible radiation hazards, and (2) these operations were 

essentially wet -;;Jhich reduces the possibility of an inhalation hazard. 
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£ffects of Fluorides on Health 

Huch is kno~m of the effects of: (1) acute exposures to high con-

centrations of highly soluble and highly reactive gaseous hydrogen fluoride 

and silicon tetrafluoride, (2) acute exposures of hmnans to large smaunts of 

sodium fluoride {accidentally or suicidally ingested), (3) chronic ex­

posures to l to 8 ppm fluorine in drinking waters, and (h) exposures or 

grazing animals to nuor:ine containtng compoUl'lds in omounts many times the 

levels likely to be encountered by humans in their industrial ernrironments. 

On the o Li"..E?r hand, almost nothing has been published 1•egarding health effects 

in humans from chronic inha:Laticn e:cposures to relatively low concentrations 

of gaseous hydrogen fluoride or to varying concentration:s o.f rock phosphate 

Threshold Limit Values for these latter substances have been reeom-

mended by the American Conference of Governmental Industrial Hygienists but 

these are not exact or final figures which draw fine lines between hazardous 

and nonhazardous cone entrations. They are intended to be used as guides in 

the control of health hazards. They only represent conditions under wbich 

it is felt that workers may be repeatedly exposed, da:y after day, without 

adverse effect on their health. TIE figure of 2.5 milligrams for nuoride 

dust or hydrogen fluoride per cubic meter of air refers to a weighted 

average concentr<Ition for an 8 hour working shift and does not represent a 

maximum which is not to be exceeded even momentarily. 

Another type of threshold value which has been suggested is that of 

the a:'lount of fluoride excreted in the urine, a figure c! 4 milligrams 

nuoride per liter of urine being considered the. uoper li..U t of nonnal 

fluoride excretion.. Low levels of fluoride intake ~re associated with 

I 

l 
.I 
i 
I 
I 
' I 
I 
I 
I 
I 
~ 
i 
I 
I 

I 
I 

I 

I. 
' I 
i 
i 



···f 

- 9 -

rapid excretion of almost all fluoride tilken into the body but higher levels 

of intake result in progressively larger body burdens, especially in bony 

tissue. 

The values shown in the tables (Appendix A) do not represent weighted 

exposures over the full work shift. Titey are grab samples which may be 

higher or lower than the weighted average for the job. 

Generally speaking, fluorides are regarded as general protoplasmic 

poisons, but their effect is altered according to the chemical compounds 

and amounts involved in the specific exposure. Gaseous fluorides, such 

• 
as hydrogen fluoride and silicon tetrafluoride, are very toxic because of 

their great solubility and reactivity. Hydrogen fluoride has been shown 

to be a harmful agent as a pulmonary irritant and as a volatile poison. 

The undissociated hydrogen fluoride molecule is capable of penetration of 

the intact skin. The vapor causes tissue corrosion similar to that ex-

pected from other highly irritant substances such as hydrochloric acid or 

sulfur dioxide gas. Solutions of hydrogen fluoride and hydrofluosilicic 

acid are similarly very corrosive. 

One experiment2.l study 't-Jith animals showed that inhalation exposures 

to 15 mgs/m3 hydrogen fluoride for 2~ months caused live;, lung and kidney 

damage which persisted many months after exposures had ceasedo (Machle and 

Kitzmiller, JIHT 17:223, 1935v) 

Human, as lvell as animal studies, have shown that inhaled hydrogen 

fluoride and particulate fluorides result in increased levels of fluoride 

in the body and in increased urinary excretion of fluorides. This does 

not pro~e that the body is being harmed but it does mean that the fluoride 

has traversed the pulmonary membrane to enter the blood strewn and by way 
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of the general circulation has been trat'lsported to the kidney and excreted. 

Al thou g.;. dusts of the almost insoluble fluorides frequently can be 

inhaled in large quanti~es without causir.g much irritation, one of their 

number, cryolite (Na3AlF 6) has been sh:nm to be a caJ.se of chronic fluoride 

poisoning or fluorosis. 'lhe concentrations being inhaled in one study 

approximated .30 - 40 milligrams of dust per cubic meter of air. The out-

standing symptoms of fluorosis are loss of appetite, ·vomiting, constipation, 

rheumatic pains, and shortness of breath and difficulty of breathing on 

exertion. In fluorosis the bones also appear n:ore dense in x-ray examination 

and there may be noted calcification of the tendinous muscle attachments 

and ligaments. Under cond:i. tions of most severe exposure, irregular extra 

bone on the surface of the bone and bony spurs may be formed. 

Since cryolite contains approximately 50 percent canbined fluoride 

in contrast to phosphate rock's o.4 to 4. 2 percent combined fluoride it is 

not anticipated that these two compounds ~vould have the same order of tox--

" ieity. The extent to which milder forms of flporosis might result from 

exposure to the lcwer concentrations of fluorides encountered in rock 

phosphate is not known. 

Environmental S~lin~S Progrem 

The primary reason for collecting environmental air samples was to 

obtain data to determine the range and magn~tude of concentrations of chsts, 

gases and other potentially hazardous air-borne substar:ees to which the 

workers were exposed. The results of air s2111ple analyses, appearing in 

.Appendix .!, represent concentrations found only during the SlX!Ci.fic periods 

of s~pling and are not intended to represent a worker's daily exposure to 

a sin~e air contc:Min2nt o:t- rrn.U. tiple CX?O~s. Fm-themor~, the results 
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are not an evaluation of the severity of tr.e hazard at ar;sr sampling sites. 

In some cases many of the workers were no't actually exposed to the peak 

concentratt"ons reported since they used perronal respiratory protective 

devices in these areas. 

Survey Team 

Environmental air sampling was begun on October 14, 1957, by a team 

consisting of Hessrs. Andrew D. Hosey, Herbert H. Jones and Heward E. Ayer, 

Occupational Health Field Headquarters and Hessrs. Robert L. Hebblethwaite 

and Roe B. Hull, Industrial Hygiene Division, Florida State Board of Health. 

Two survey teams were formed to expedite ~'le collection o~ air samples. 

Each team consisted of one person fran the Public Health Service and one 

from Florida's Industrial Hygiene Division, with Hr. Hosey acting as contact 

with the plants to arrange schedules and also to assist in the collection 

of samples with either team, depending upon the size of the plant. 

Sampling locations, methods of sanpling, and methods of analyses are 

discussed in Appendix B under these headings. .JI.n average of tl'l.ree air 

sarn:oles was collected at each of the sanpling locations at each plant on 

different days. 

Results 

The results of the environmental air sampling are presmted in tables 

(Appendix A) and include the samples collected at similar sites frcm all 

of the plants surveyed. Results of analyses of sauples are grouped for 

similar operations to show the minimum, ma."'d.mum, median and average 

atmospheric concentrations in the vari6us areas. Those plants having 

operations or processes differing frem too majority of the companies or 
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which would identify individual plants, will receive a separate report of 

the findings for these particular operations. 

Dry J.fill 

Fourteen samples, including eoncentrated ore, set~led dUst, and air­

borne dust from various areas, showed a .free silica content well below 5· 

percent. Based on these results it may be concluded. that exposure to these 

dusts would not constitute a silicosis hazard provided daily weighted ex-

. posures did not exceed the threshold limit value (TLV) of 50 million parti­

cles per cubic foot of air (mpcf). 

Dust concentrations, shown in Table 1, were generally low at drying 

and grinding operations. However, they were exceedingly high ~t storage 

and shipping where near~ 90 percent of the samples collected exceeded the 

TLV. Max:imum dust values were. over 231 700 mpci" in the storage area and 

693 mpc.f in shipping. The median particle size of the air-borne du.st in 

the dry mill area, collected on membrane filters and determined by electron 

microscopy, ranged from 0.1 to 0.3 micron in diameter. fust concentrations 

obtained, using the technique described in Appendix B, and reported in 

Table 1, include only those particles in the size range from about 1 to 5 

microns, the range upon l-7hich TLV's are based. 

Fluoride concentrations of air-borne dust are shown in Table 2. .As 

indicated, fluoride levels at drying and grinding operations are reasonably 

low and within the TLV of 2. 5 milligrams of fluoride per cubic meter of 

air (mg F/m3). However, 70 percent of the samples collected at storage 

and 30 percent at shipping exceeded the TLV for fluoride. Maximum concentra­

tions in the storage area l-7ere 92 mg F/m3, and at shipping were 41 mg F/m3. 
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Spectrographic analyses of metallic and metal-like elements were . 
made on samples of dried concentrated ore and dried, ground, concentrated 

ore collected in one dry mill. The results are shown in Table .3. Calcium 

and phosphorus are the maj ar constituents with silicon, iron, magnesium, 

aluminum and manganese present as minor constituents (less than l percent). 

Minute amounts of lead, tin, sodium, chromium, vanadium, ti taniu:m, and 

trace amounts o! nickel, barium, and beryllium were found. 

Uranium l7as not detectable under condi. tions of the spectrographic 

method el'ployed. Small amounts o£ uranium in l:u.lk samples would have to 

be concentrated chemic ally to make spectre graphic detection possible. 

Although uranium provides many hundreds of lines in its enission spectrum~ 

its lines are much weaker than those of the more conmon hea-vy metals. This 

explains why law concentrations of this element are difficult or impossible 

to detect by direct spectrographic examinations, such as were employed in 

the analysis of these samples. 

Chemical Plant 

~e principal hazard at car unloading >vas dust. This ope:b"ation was 

observed visually to be very dusty and only a few sanples were needed for 

conf'irmation. Two of the three dust counts made at car unloading (Table 1) 

greatly exceeded the TLV o£ 50 mpcf' for nuis2nce dusts and 40 percent of the 

air-borne sanples for fluoride exceeded the TLV of 2.5 mg F/m3 (Table 2). 

Not all cif the chanical plants operated grinders. Those which were 

observed did not aJ:Pear to be dusty and the few samples collected for cbst 

counts and fluoride analysis were well below the TLV. 

Acid mists were the primary exposure at filtration operations .. 

Although 13 percent of the smnples (Table 2) exceed~d 2.5 mg F/rn3, median 
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and average va]lles Here well below this level. Air-borne concentrations 

of phosphates, expressed as phosphoric acid, arn sulfates as sulfuric acid 

are shown in Table 4. It is difficult to interpret these levels because 

of the presmce of dusts containing phosphates and sulfates. It is be­

lieved, hO'.Jever, that the greater portion existed as acid mists because 

the higher concentrations were associated with eye,. nose and throat irrita-

tion which at times exceeded comfort levels. 

At acidulation, acid mixing, curing and storage, and shipping 

operations there were expesures to gaseous (probably HF) and particulate 

nuorides as well as to s~ates and phosphates, some of which were pro­
-~ 

bably in their acid form." Of the 126 sanples collected in these areas for 

; 

nuorides (gaseous and particulate combined, Table 2), SO percent exceeded 

the TLV of 2.5 mg F/~. ~aximum concentrations ranged fran 9.5 to 144 
.;.;; 

mg F/m3. Haxinrom concentl:-ati.ons of phosphoric acid (Table 4) ranged from 

2.9 to 17.0 mwm3 and sul:ruric acid fran o.a to 14.0 mglm3. As stated 

previously, interpretation o.f these results is difficult. The higher 

concentrations were asso~iated with severe eye, nose and throat L"'Titation 

·:.; 

and definitely exceeded comfort levelso 

Dust counts in the curing and storage and shipping areas (Table 1) 

ranged from 133 to 4h3 rnpcf (maximum values) with ar01nd 15 pereent ex­

ceeding the TLV of So mpcf. 

Urine Levels 

Urine fluoride levels 't-rere determir.ed on me."ltbers of the survey tean. 

Samples '-'lere collected during the first and last days of the survey an~ 

on three m6:lbers of the team, two months after the survey was completed. 
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Results are shown in Table S. Past smdies have shown that. excretion of 

nuoride in the urine is an indication of fluoride absorption and conse-

quently of fluoride exposures. In interpreting these results it should be 

pointed out that the SUl"tey team intentionally did not wear respirators 

except when essential. Thus their exposure to fluorides may have been 

hif)ler than that of a wolker who effectively used a respirator. On the 

other hand, the survey team covered a large area during any one dey's 

sampling and would not remain as long in a high level area as a worker 

whose du.ti.es required his presence in that area. Nevertheless, during the 

survey the urine fluoride values of the tean showed a marked increase over 

normal levels. 

"Di:scussion of Results 

Dry P.ill 

The dust in the dry mill area was well under S percent in free 

sUica contente No silicosis hazard would be probable in this area provid­

ing exposure levels are kept at or below the TLV of SO mpcf. 

Fluoride concentrations of air-borne dust at storage and shipping 

operations at tilnes considerably exceeded the TLV of' 2.5 mg F/m.3. It must 

be kept in mind that the concentrations smwn in Table 2 were not weighted 

exposure levels of workers. They were cross-section samples to determine 

levels of concentrations at various operations. 

There is Vf!rY 1:iMi ted inf'onn.ation in the litera-ture on interpret­

ir.g exposures to phos-phate rock dust in term5 of aey inherent nuoride 

hazard. Since urine fluoride excretion is an indication of fluoride 

absorption and ecrposure, urine nuoride levels on. workers in this area 
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would be invaluable. There is also a need for additional clinical infonna-

tion relative to nuoride exposures of the "HOrkerse Information of this 

nature must be obtained before an evaluation can be made on the extent of 

ar.w fluoride hazard from phosphate rock dust. 

Chem:i. c a1 Plant 

In the chanical plant there were potential health hazards to phos-

phate rock dust, gaseous and particulate fluorides, and _phosphates and 

sul.f'ates probably in their acid .f'om. 

The gr-eatest dust problem was at the car unloading operation. The 

same factors and considerations to dust exposures in the dry mill apply 

here... 

Exposure to gaseous ar.d particulate fluorides was widespread in the 

chemical plant. Over hal.f of the a"bnospheric fluoride concentrations ex­

ceeded the TLV of 2.5 mg F/m3, Maximum concentrations were also at times 

extremely high. These were not weighted exposures and do not take into 

consideration :::ny personal. respiratory protection. However, it was observed 

that respirators were used only at a few operations in each plant. At 

these locations respirators were not "'1orn by aJ.l wol'kers. Information on 

urine fluoride levels on workers in this area :md other clinical data in-

dicative of fluoride absorption would be invaluable.. The urine fluoride 

levels of the survey team indicates the definite need for this information. 

Since the higher levels of phJsphates and sulfates, expressed as 

acids, were associated with eye, nose and throat irritation, it WCiuld be 

desirable for the plants to determine the exact chemical nature of the::1e 

substances. It is quite li.~ely that the hydrogen fluoride present added 

to, or was the pr:L"lcipal cause of, the irritation and discomfort r.oted., 
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Summary and Recommendations 

An industrial hygiene survey was conducted in the phosphate plant 

located in Polk County, Florida during t~y-June and October-November 1957 

by the Occupational Health Program, U. S. Public Health Service and the 

Industrial Hygiene Division, Florida State Board of Health. In general 

~he information collected during the preliminary survey and the subsequent 

environmental sampling survey indicated potential problems in several plant 

areas from exposures to dusts, gaseous and particulate fluorides, and acid 

phosphates and sulfates. - Some work areas had extremely high concentrations 

of dusts and fluorides, both gaseous and particulate. Even though these 

exposures are, in some instances, brief and intermitten~management should 

study these operations and assure adequate protection of the worker. It is 

recommended that environmental and medical studies be conducted in this 

industry to define the extent and magnitude of these potential health haz-

ards. These studies sqould include: 

(1) Routine air sampling to determine the weighted exposures to 

the various contaminants encountered. 

(2) Routine urine fluoride analyses on workers in the dry mill 

and chemical plant areaso 

(3) Physical examinations of workers. The scope of these 

examinations should be extended to detect changes which might 

result from exposure to toxic materials encountered in the 

working environment. 

The Florida State Department oE Health and Public Health Service 

will be glad to assist in the planning and conduct of these studies. 



Appendix A 

Table 1. Air-borne dust cor.centra.tions in plants studied by area or 
operation 

Area or* 
Operation 

Dust concentration in Percent of 
millions of particles sanples ** 

per cubic foot of air (mpcf) Above TLV 

Range Median Averaga 
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Table 2. Concentration of air-borne fluorides in plants studied by area 
or operation 

Percent of 
Area or No. o£ Concentration of fluorides samples 

Operation* Samples expressed as F rnglm3 ** above TLVii* 

Range Median Average 

Dry Mill 

Drying 16 0 - 1.7 0.2 ~.h 0 

Grinding 18 0 .. 03 - 8.3 0.2 0.9 6 

Storage 23 0.3 - 92 h.4 12.4 70 

Shipping 27 o.o5 - 41 1.3 4.4 30 

Chenical Plant 
. - --- -

Car unloading s 0.1 - 12.5 o.6 3.4 40 

Grinding 6 0.1 - 2.5 o.5 o.s 0 

Acidulation 26 0.4 9.5 2 .. 4 3.2 so 
Filtration 23 0.1 - 3.9 1.1 1.3 13 

Acid mixing 23 0.3 - 20.3 2.5 4.5 48 

CUring & Storage 49 o.6 -lhh 4.9 14.8 69 

Shipping 28 0.1 -11 o.6 2.1 25 

* See Appendix B for more detailed explanation of sampling locations. 
** Threshold Limit Values adopted in April 1957 by the American Conference 

of Govermental Industrial Hygienistse The value for fluorides QS gas 
(HF) and dust (F) is 2. 5 milligrams per cubic meter of air (mg/m)). 

I 
I 
I 
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Table 3. Spectrographic analyses of phosphate ore from one plant. 

Description 

Element 

Ca 
p 

Fe 
Mg 
Al 
Mn 
Si 
Na 
Pb 
Sn 
Ba 
Cr 
v 
Co 
Ni 
Be 

* None detectable. 

Dried 
Concentrated 
Phosoha te Ore 

Dried 
Ground 

Concentrate 

(Micrograms per gram or parts per million) 

Major 
Constituents 

1,300 
1,200 

620 
600 

l1inor 
Constituents 

100 
120 
120 so 

30 
1 
s 
2 

Major 
Constituents 

1,300 
1,200 

620 
coo 

Minor 
Constituents so 

120 
1.20 

50 
30 

n.d.~ 
2 
1 

Antimony, arsenic, bismuth, boron, cadmium, germanium, mercury, 
tellurium, and uranium were not detected~ 

i I. 

I 
I 

I 
I 

I 
I 
I 

I 
I 
I 
i 
t .. ; 



·. 

A-4 

Table L.. Concentration of air-borne phosphates and sul.fates in plants 
studied by area or operation. 

Area or,... No. of Phosphatea ~ssed No. of Sul!ates
3
expressed 

peration" Sanples as mg/m3H3rol.t~ Sanples as. mg/m ~sol1** 
.Range Median Average Range Median Average 

hemical 
Plant 

.cidulation 19 0 - 2.9 0.9 1.0 20 o· - 8.4 1.0 1.7 

'il.tration 22 0 - 2.1 o.6 0.7 22 0 - 6.2 l.S 1.7 

~.l.d mixing ll 0.7- 3.5 1.3 1.7 9 0.2- 5.4 0.9 1~6 

:uring and 
Storage 16 0 - 17.0 1.1 2.9 16 0 ·14 1.0 3.0 

ihipping 2 11.2- 13.8 12.4 12.4 2 o.6 - o.a 0.7 0.7 

See Appendix B !or more detailed expl.an:Ition of sampling locations. 
These values include phosphoric and SJ.li'uric acid nrl.sts and dust containing 
phosphates and sulfates. 

... 



Table S. Fluoride urine levels of survey team. 

Date Total milligrams fluoride Hilligrarns fluoride 
Surveyor collected per 24 hours per liter per 24 hour::s 

.l 10/16/17-57 3.0 l.S 
B 10/16/17-57 .3.1 1.3 

c ID/16/17-57 1.0 le2 

D 10/16/17-57 2.6 2~0 

E 10/1.6/17 .. 57 2.3 2.1 

A 11/7/8.;.57 7.S s,s 
B ll/7/8-57 11.3 .3.4 

c 11/7/8-57 6.7 ).2 

~ ' -. 
11/7/8-57 6a4 Sa5 -•, ,h·~:.: D 

.-~~~;.~:~:1 
E lJ/7/8-57 2.5 1..9 ~-~~---:'~ 

.· •" .,. ,. 

:;:·',>~-~ 
1/14/1~,.58 

~ ...... 
.l Oo9 Oo5' .. 

B 1/lh/15-58 1.6 0$5 

c 1/14/15-58 0.8 0.,5 



Appendix B 

S anoling toe ations 

As pre·.riously meniioned, information was obtained and observations 

were made during the preliminary survey on the various processing and 

manufacturing operationSe From this data sites were selected for collection. 

Furthermore, since this survey covered all plants in Polk County_, an attempt 

was made to select sampling locations which would be representative in 

the majority of pl".nts surveyed~ The following general-locations were 

chosen: 

A. Drying, grinding, storing and shipping phosphate rock. 

1. Dryer area-usually near c cntrol panel where operator spends 

most of the time. In addition, general room air sap1ples were 

collected in the dryer area at several plants .. 

2e Grinding area-usually near control panel, also general air 

samples in several plants, 

3. St\.lrage area-beside transfer belt above storage silos and 

also in screen area in most plants. 

h. Shipping--hopper and/ or box car loading; and, in a few plants, 

loading trucks. 

B. Chemical plants (manufacmre of superphosphate and triple super­

phosphate)e 

1. Car unloading of dried, ground phosphate rock. Samples were 

usually collected at operators' breathing zone and represent 

maximum e>cposures in most irJS tances. 

2. Acidulation-addition of sulfuric acid to phosphate reck to 

produce either phosphoric acid or superphosphate depending 
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upon the type of prodcct desiredo S2nples were usually col-

. lected to represent the opet"ators' normal exposure md the 

exa~t lqcation was varied depending upon the particular plant 

3. Filter area-separation of dilutie phosphoric acid .from sludge 

(principally calcium sulf'ate)f' Exact locations varied depend-

ing upon type of filters used but in general. waul d represent 

the operators' average exposure. 

4. U:ixing phosphoric acid and phosphate rock to produce triple 

superphosphate--samples were collected at the point where these 

two materials were mixed and also in the vicinity of the dis-

charge end of the equipment. Natllrally, the exact location 

was different from plant to plant depending upon the type of 

equipment in use, 

S. Curing an:l storage-locations included the conveyor belt from 

4. above to the storage area and conveyor belt abc-..re storage 

sheds in most plants. An attempt was made to collect air 

samples at those locations where operators spend a portion of 

their time. 

6. Shipping-locations included removal of product from storage 
....... · .. 

area, whether by shovel, payloader, overhead crane, or <>ther · · · · 

methods; at grinding and/ or screen operations, 1·7here employed; 

am loading-hopper car, box car, truck or bagging, whichever 

methods 1-:ere employed. 

c. Niscella'l'leous locations-those not common to all plants, 
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Methods of Sanpling 

Standard field sampling equipment was used for the collection of 

all air samples. This equipment l-Ias calibrated for air flow in the labora-

tory prior to the survey and after the instrumer.ts were returned to 

Cincinnati. The follow.i.ng types of instruments were used and the approxi-

mate sampling rate is stated in parentheses: 

(1) l1idget impinger and pump-for chlst counts end some particle size 

determinations {0.1 cubic foot per minute, cfm)o 

(2) Greenburg-smi th impinger-for fluoride concentrations both gaseous 

and particulate, for acid mists-phosphoric, sulfuric and hydro­

nuoric, and for other special analyses (1. 0 cfm)~ 

(3) 1-iembrene Filter (Millip::>re type AA) with 1 inch effective diameter 

in special holder. Source of suction was Gast, Denver or rudget 

impinger pumps depending upon conditions and availability of electric 

power--for collection of p2rticulates for various chemical, spectra-

graphic end x-ray diffraction analyses and particle size determina­

tion by the electronmicroscope (sampling rate varied with source of 

suction used from 3 to about 15 liters per minute)~ 

(4) A membrane filter in series l-7ith a Greenburg-Smith impinger was 

used to separate particulate and gnseous fluorides (15 liters per 

minute)3 

(5) Fritted glass bubblei'S using benzene as the collecting solution,~ 

either alone or preceded 'btJ a membrane filter--for collection of 

special samples at one elen:ent~.l phosphorus plant (about 10 liters 

per m:tnute). 

l 

I 
! 
I 

I 
l 
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(6) National Bureau of Standards Carbon l!onoxide Detector-for de-

tennining concentrations of carbon monoxide in selected locations. 

The eollecti.on efficiency of these ins~""Uments has been checked by 

various inyestigators and is at least 95 percent efficient for the kinds of 

sanples eg),lected during this survey. TPe m:i,dget impinger, the efficiency 

of which falls off rapidly as the particle size decreases belew 1 micron, 

is the single exception to this statenent~ 

A few selected 24-hour urine smnples l-zere collected in Pyrex bottles 

with 5 ml. ~5 percent formaldehyde added as a preservative~ These samples 

were collected from all members of the survey temn on October 16, the first 

day of their plant expo~-ures, and on November 121 the last day. 

J.tethods of Analysis 

1. Dust counts were made by the light ... fi eld counting techniques 

using a binocular microscope with lOX eyepieces am lOX objeeti:ve. The 

counti."lg cell used was the Spencer Brightline Haemocytometer as described 

by Charles R. vJilliansO) (l) 

2. Particle size determinations from impinger samples were made 

by placing a drop of dust suspension on a microscope slide, evaporating 

the liquid, adding a drop of ThlCo cement and covering with a cover sli~ 

The diameters of at least 200 particles ~·:ere measured using a 97X oil. 

immersion objective, lOX eyepiece with a Hays (Forton) eyepiece graticule, 

and under Kohler illmnination. 

3~ Particle size determinations by the electroumicro~~u~ ~gre 
(2) 

made according to a r.:.ethod developed by Fraser. Briefly, a small section 

of membrane filter is placed, dust side down, on an electronmicroscope 
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grid uhich in turn is placed on a supporting wire screen in a Petri di sli. 

Etlzy'l acetate is carefully added to the wire screen level and by capillary 

attraction the membrane filter is dissolved leaving the dust deposited on 

the grid (previously coated with Formvar)., Selected portions of the grid 

are photographed at a magnification af atout 9,000.L The dian.eters of at 

least 1$0 particles are estimated by projecting the negative onto a screen 

and comparison loti. th a ruled grid (calibrated for the particular projected 

magnific ation)o 

4. Determination of Fluoride in Urine (Hodli'ic ation of Smith and 

Gardner(J))a Sample is thoroughly mi.."!ed and transferred to a graduated 

cylinder for volume measurenent0 Any precipitate remaining in sample 

bottle is removed with 1:1 acetic acid, double distilled water and a 

policeman {rtibber) if necessary. All volumes are recordeda The precipi­

tate, l-Jashings and urine are recombined and thoroughly mixed. A 25 Illl. 

aliquot (graduated cylinder) is transferred to a platinum dish containing 

o.B g. (low in fluoride) caa, stirred and checked for alkalinity with 

1i tmus paper.. If not alkaline additional CaO is added. Total CaO is 

recorded for blank correction. 

Aliquot is evaporated to dryness, charred and finally ashed at 

0 
515 C until a l-Ihi te or near v7hit e ash is obtainedo The ash is trans-

£erred to a fluoride still and steam distilled from 35 ml of 70 percent 
(h) 

HC104 according to the v1inter and ·vrmard procedure, collecting 225 ml 

of distillate in a 250 m1 volumetric flask. Distillate is diluted to the 

m~k a1d suitable aliquot is taken for colorir:tetric determination of 

fluoride ";ith thorium-alizarin reagents .. ( 5) 

' 1 

l 
I 
i 
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S. Determination of fluoride in air--GreeP..burg-5mith impinger 

samples collected in O.lN NaOH. Transfer entire sanple, after recording 

the volume, to a platinum dish. Make sure solution is alkaline (litmus). 

Evaporate to dryness, or a small wlume, and transfer quantitatively ix> a 

fluoride still. Steam di§till frqm ~$ m1 o£ 70 percent HClo
4 

according to 

\-linter and 1-Iillard procedure. (h} Collect 22S tnl of distillate in a 2SO ml 

volumetric flask. Dilute to mark and take a suitable aliquot for colori­

metric determination with thorium-alizarin reagents~ (5) 

6. Determination of fluoride in air--membrane filter samples 

(transported in envelopes to laboratory). Transfer filter and loose dust 

of sCIIJl!)le to a platinum crucible, add 0.1 gram CaO (low in fluoride) 3nd 

sufficient double distilled water (4 to 5 tnl) to wet the .filter thoroughly. 

Evaporate to dryness, swirling oec asionally to maintain intimate contact 

bett.zeen the filter and the lime, and then mh at S75 °c in a muffle furr..a.ce 

for tt.zo hours~ Cool, wash down the 't.Zalls of the crucible with 4 to 5 ml 

double distilled 1-1ater, stir l>d th a platinum spatula to break up the residue, 

evaporate to dryness (swirl occasionally) and ~ ash for one hour at the 

sane tenperature as before. The residue should be 't·1hite or greyish-white. 

l'iake a slurry of the ash with water and transfer to a fluoride stiU.. Add 

about 2 m1 of '\>Tater and then 0.5 ml HC104 to the crucible a."ld then stir with 

a platinum spatula, rubbing entire inner surface of crucible to ef£ect a 

quantitative transfer o£ residual ash to the still. Add 35 ml. of 70 percent 

HCl04 and apply distillation and estimation procedures outlined above for 

the i.mpinger samples. 
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A group of unused filters from the same batch as those used for the 

:samples was. carried through the entire proceeure to provide a reliable 

blank valueo This value Wa:J applied in all determinations. 

7 • Determination of Sulfates in Acid rUst Sa.'nples {Mcdification 
(6) 

of Eschka Hethod ). 

1. Take 10 Inl portion of sanple solution for 10 m1 of O.lN NaOH for 

standard series). 

2. Acid:i.fy 'tdth 1:4 HCl; add bromcresol green indicator and adjust 

pH to 4. 0 (yellow side) with lN HC~ 

3a Add 5 ml of lt2 glycerin--alcohol mi.~e. 

h. Dilute to 25 ml with distilled water in graduated cylinder. Mix. 

5. Add one scoop (o. 25 gram) of barium chloride (low in sulfate) and 

mix until salt is dissolved. 

6c .Allow to stand for ho minutes, ndx well and transfer to matched 

test tube. 

7. Read percenli transmittanc.e at 500 m p1 with Beckman m spectro­

photometer, with the slit set at 0.03 mm. 

8. Determination of Phosphates in Acid 1-list Samples (Hodificati.on 
(7) of Kitson and Hellen tfethod ). 

1. Transfer 10 ml or more of sample solution (or the same amount of 

O.lN NaOH for standard series) to a 125 ml Phillips beaker. 

2. Neutralize with 1:2 mtt
3 

and add 10 ml excess, cover and heat to 

boiling. Boil 2 minutes. 

3. Add 5 ml freshly prep~eci 7. 5 percent solution of armonium pero:ry-

disuliate (persulfate), boil 3 to 5 minutes, covered. 



b. Add 10 ml of o. 25 percent ammonium vanadate to the r.ot solution. 

5. Cool to room tanperature. 

6. Add 20 ml of 5 :percent ar.monium molybdate solution and r.dx. 

7• Transfer to 100 ml graduate and dilute to mark. Hix thoroughly. 

8. Transfer to matched test tubes and let stand 30 minutes!~ . 

9. Measure percent transmittance at 470 mp. with a slit of o.o4 mm 

"(With Beckman DU spectrophotometer), Cell 1'0ut," against are-

agent blank as reference. 

9. Method for the Determination of Elemental Phosphorus--Transfer 

the benzene solution of the sample to a separatory funnel. Shake vigoro-

usl.y for 1 mirru.te l-Iith 25 ml of cooled, freshly-boiled, double distilled 

water. Let the layers separate and draw off the aqueous layer. If large 

anount of oxides are present, repeat using about 15 m1 of water. 

To the benzene layer add 10 ml. of 1 percent AgNo
3 

and shake vigoro-

· -: · usly for 2 minutes. Elemental phosphorus 1-1ill give a black precipitate or 

darkening in the .AgNo3 layer at this point. A few micrograms of P will 

be noticeable. Add 10 ml concentrated HN0
3 

with swirling and :immediately 

shake for 2 minutes. Allow layers to separate a:nd draw off the aqueous 

layer into a clean 100 ml beaker. Add 10 ml 1:1 ID:o
3 

to the benzene and 

·repeat the shakingo Draw off the mm
3 

layer into the same beaker. Repeat 

the last treatment using 5 to 10 ml 1:1 H:NO. Discard the benzene layer. 

Heat the nitric acid solution on the water bath until residuaJ. 

anounts of benzene have been vaporized. Precipitate Ag as AgCl by adding 

10 ml. 1:3 HCl, filter, :md l-7ash with 1 percent HCl. Discard precipitate, 

evaporate filtrate to small volume to remove excess HCl, and boil with 

ZJmrnoniu."!1 peroxydisulfate to destroy organic matter. 
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Determine phosphate concentration by procedUre of Kitson and 

?1ellon. (7) · 

lOo F;ree silica determinations on bulk sample materials were per-
. (8) 

formed by a phosphoric acid method after a preliminar.y treatment with 

boric acid and perchloric acid to re:rnoye flugr:tneo 

11. Spectrographic analyses were made using a Bausch and Lomb 

large Littrow spectrograph, with quartz optics, and a 220 volt d.co arc 

for excitation.. Spectroscopically pure graphite electrodes we:-e used. 

A 3 mm crater in the anode supported a mixture of 5 mg of lithium chloride­

graphite spectroscopic buffer(
9) and 5 mg of ground, bulk sample material. 

· Arcing of this mixture was conducted to lithium chloride burn-out with the 

arc focused en the slit of the spectrograph and the spectra were recorded 

on. an Easbnan Kodak III - 0 spectroscopic enulsion in the 2100 c• .3300 A 

region ar~ a III - F emulsion in the 3300 - 6000 A region. The plates 

were developed and fixed at 68 °F. Semiquantitative estimations of element 

concentrations were :made usir.g a Jarrell-Ash !o!odel 20Q Comparator Densito­

meter and visual standards. (lO) 

All analytical methods, l.Jith the exception of that :for elel'l"ental 

phosphorus, were checked by recovery determinations of known amounts of 

added analysis elements. For the evaluation of the method used in the 

analysis of fluoride collected on filter media, known Cllllounts of fluoride 

(as NaF) were added to filters from the same batch used in the ~eyo 

One hundred percent recovery rTas obtained when these were analyzed by the 

described procedure. 
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Analytical blanks were established for all methods used in the 
survey. These blanks, based upon the sampling media, laboratory re--
agents, glassware, etc., provided correction £actors applied to the 
respective determinations. 

Field blank samples s~b~ t~E24 ~! ~he ~rvey team, unknmm to the 
analyst, were processed along with the regular samples. These served as 
both sanpling and analysis checks in this surveyo 
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