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Cadmium
By amy C. Tolcin

Domestic survey data and tables were prepared by Jesse J. Inestroza, statistical assistant, and the world production table 
was prepared by Lisa D. Miller, international data coordinator.

Refined cadmium was produced domestically at three 
facilities. One company recovered cadmium as a byproduct of 
zinc leaching from roasted sulfide concentrates at a smelter in 
Tennessee, and the other two companies recovered secondary 
cadmium metal from recycled nickel-cadmium (NiCd) batteries 
at facilities in Ohio and Pennsylvania. annual domestic 
production data for 2011–13 were withheld to avoid disclosing 
company proprietary data.

The united States continued to be a net exporter of cadmium 
metal (including alloys, powders, and waste and scrap), and in 
2013, net exports totaled 30 metric tons (t). Cadmium metal 
was primarily exported to China (80%) (table 3), while Canada 
(35%), australia (33%), and China (26%) supplied the majority 
of imports (table 4). The annual average New York dealer price 
of cadmium metal in 2013 decreased by 5% from that of 2012 to 
$1.92 per kilogram ($0.87 per pound) (table 1). Cadmium prices 
have generally trended downwards since 2007.

in 2013, estimated global primary production of cadmium, 
excluding u.S. production, was 22,000 t (table 5). Secondary 
cadmium was estimated to account for about 20% of all 
cadmium metal produced. most secondary cadmium metal was 
recovered from recycling of NiCd batteries. although detailed 
data on the global consumption of primary cadmium in 2013 
were not available, NiCd battery production continued to 
account for the majority of global cadmium consumption. Other 
end uses for cadmium included alloys, anticorrosive coatings, 
pigments, polyvinylchloride stabilizers, and semiconductors for 
solar cells. The percentage of cadmium consumed globally for 
NiCd battery production has been increasing. The percentages 
for the other traditional end uses of cadmium—specifically, 
coatings, pigments, and stabilizers—have gradually decreased 
during the past few decades owing to environmental and health 
concerns. Cadmium metal is sold in several shapes and forms 
depending on end use: slabs or sticks are commonly consumed 
for alloys; balls and spheres for plating; and flakes, powder, or 
sticks for chemicals and pigments.

Production

Mine production.—domestic data on the recoverable 
cadmium content of zinc concentrates, the principal source of 
primary cadmium, were not available. The cadmium content 
of typical zinc concentrates ranges from 0.2% to 0.3%. in 
2013, zinc-concentrate-producing States were alaska, idaho, 
missouri, and Tennessee. Zinc concentrates from alaska, idaho, 
and missouri were exported for processing. Concentrates from 
Tennessee were smelted and refined domestically in Tennessee 
and processed for byproduct cadmium recovery.

Metal production.—domestic metal production data 
were collected by the u.S. Geological Survey (uSGS) from 
a voluntary survey on production of cadmium metal and 

compounds. in 2013, cadmium metal was produced at one 
primary and two secondary smelters.

Primary.—Nyrstar NV’s (Balen, Belgium) electrolytic zinc 
refinery in Clarksville, TN, produced zinc metal and several 
byproducts, including cadmium metal. Nyrstar’s Tennessee 
Valley zinc mines supplied most of the zinc concentrate feed 
treated at Clarksville. a planned shutdown of the roaster and 
acid plant for maintenance reduced production during the year; 
the company reported that zinc metal production decreased by 
7% in 2013 from that of 2012 (Nyrstar NV, 2014, p. 8).

Secondary.—The international metals Reclamation Co. 
(iNmETCO), owned by Horsehead Holding Corp., produced 
secondary 99.95%- and 99.99%-cadmium ingot and shot at its 
metals recovery facility in Ellwood City, Pa. The cadmium 
recovery plant processed large industrial and portable consumer 
NiCd batteries through eight retort furnaces to recover cadmium. 
Spent NiCd batteries were secured from the Rechargeable 
Battery Recycling Corp. and through iNmETCO’s own 
collection programs. The bulk of the cadmium metal produced 
was sold back to battery manufacturers.

Retriev Technologies inc.’s (formerly Toxco inc., anaheim, 
Ca) battery recycling operations in Lancaster, OH, also 
recovered cadmium metal from consumer and industrial NiCd 
batteries. during 2013, Retriev Technologies continued to 
expand its operations at Lancaster; in 2009, the company had 
been awarded $9.5 million dollars from the u.S. department 
of Energy to build an advanced battery recycling facility at 
Lancaster to support the growth of the hybrid and electric 
vehicle industry in the united States (morales and Smith, 2013).

Consumption 

approximately 86% of the cadmium consumed globally was 
used in NiCd batteries, 9% in pigments, 4% in coatings, and 
1% in various uses including alloys, solar cells, and stabilizers 
(morrow, 2011, p. 10).

Nickel-cadmium batteries.—The NiCd battery industry 
was almost exclusively concentrated in asia, and leading 
manufacturers included BYd Co., Ltd. (China) and Panasonic 
Corp. (Japan). Small portable batteries accounted for 80% of 
the cadmium consumed for the production of NiCd batteries 
and were used to power consumer electronics (commonly, 
power tools). Large industrial NiCd batteries accounted for the 
remaining 20% of consumption and were used predominantly 
for aeronautical and railway applications. in airplanes, NiCd 
batteries provided startup power for jet engines and emergency 
backup power for aircraft electrical systems. in railway and 
transit systems, NiCd batteries were used to start locomotive 
engines and to power passenger cars and trackside signaling 
(morrow, 2011, p. 10–11).
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Pigments.—inorganic cadmium pigments are based 
on cadmium sulfide, which is golden yellow in color. 
The replacement of zinc or mercury for cadmium and the 
substitution of selenium for sulfur forms the spectrum of 
cadmium pigments that range from bright yellow to maroon. 
Because the pigments were able to withstand elevated 
temperatures without degrading, cadmium pigments were 
predominantly used to color engineering plastics that were 
processed at high temperatures.

Coatings and plating.—Cadmium anticorrosive coatings were 
used by the aerospace industry and military for some critical 
applications where coating substitution might compromise 
operational safety. The metal was commonly used to plate 
fasteners in aircraft landing gear and parachutes owing to a 
combination of properties not present in other coatings.

Prices

in 2013, the average Platts metals Week New York 
dealer price for 99.95%-minimum-purity cadmium was 
$1.92 per kilogram ($0.87 per pound), 5% less than the average 
price in 2012. This price reflected the average price of cadmium 
traded on a spot-basis; however, most cadmium produced was 
sold through long-term contracts. average monthly New York 
dealer prices generally increased during the year, beginning at 
$0.83 per pound in January and increasing to $0.90 per pound 
in July. The price remained at that level through November and 
then declined slightly to $0.89 in december.

World Industry Structure

Primary production.—Global cadmium production totaled 
22,000 t in 2013 (table 5), a slight decrease from the amount 
produced in 2012. Most (63%) of the world’s refined cadmium 
was produced in asia (australia, China, india, Japan, North 
Korea, and the Republic of Korea), followed by 20% in 
Europe and Central Eurasia (Bulgaria, Germany, Kazakhstan, 
the Netherlands, Norway, Poland, and Russia), 13% in North 
america (Canada and mexico), and 4% in South america 
(argentina, Brazil, and Peru) (table 5).

Secondary production.—Globally, secondary cadmium 
production was thought to have accounted for approximately 
one-fifth of all cadmium metal produced. Most secondary metal 
was recovered at NiCd battery recycling facilities in asia, 
Europe, and the united States. in asia, NiCd battery recyclers 
included Kansai Catalyst Co. Ltd. (Japan), KOBaR Ltd. 
(Republic of Korea), and Nippon Recycle Center Corp. (Japan). 
in Europe, NiCd battery recycling took place at accurec 
GmbH’s facility in Germany, Saft aB’s plant in Sweden, and 
Societe Nouvelle D’Affinage des Metaux’s two recycling 
facilities in France.

Consumption.—Based on production and trade data, China 
was the leading consumer of cadmium, followed by Belgium 
and Japan. most of the NiCd battery manufacturing industry 
was located in China and, to a lesser degree, in Japan. Japan’s 
production of rechargeable dry alkaline batteries (including 
NiCd batteries) decreased by 17% in 2013 from that of 2012 
to 145 million units owing to the increased use of lithium-
ion and nickel-metal hydride batteries in consumer products 

that were traditionally powered by NiCd batteries. Total 
portable rechargeable battery production in Japan declined 
by 9% in 2013 owing to competition from battery producers 
in China and the Republic of Korea (Roskill’s Letter from 
Japan, 2014b). China imported a large percentage of the 
global cadmium produced outside of China; 2013 imports of 
unwrought cadmium totaled 10,500 t, equivalent to about 70% 
of global production outside of China and was 17% less than 
the amount imported in 2012. Leading import sources included 
the Republic of Korea (51%), Kazakhstan (17%), and Russia 
(8%) (Zhao, 2014). in Belgium, Floridienne Chimie S.a., an 
intermediate processor of cadmium, accounted for almost all 
of the country’s cadmium consumption for the production 
of cadmium compounds (carbonate, nitrate, and oxide) and 
powder, which were then exported to downstream consumers 
in asia. it was estimated that Floridienne consumed up to 
7,200 metric tons per year (t/yr) of refined cadmium (Metal 
Bulletin, 2009). in 2013, net imports of unwrought cadmium 
into Belgium totaled 4,080 t, 36% more than net imports 
in 2012.

World Review

Asia.—China was the leading producer of cadmium metal 
and accounted for 32% of global production. Leading producers 
included Zhuzhou Smelter Group Co., Ltd. and Yunnan 
Chihong Zinc and Germanium Co., Ltd. in Japan, cadmium was 
produced at dowa metals and mining Co., Ltd.’s akita zinc 
smelter, mitsui mining and Smelting Co., Ltd.’s Hachinohe 
and Kamioka smelters, Sumitomo metal mining Co., Ltd.’s 
Harima zinc smelter, and Toho Zinc Co., Ltd.’s annaka zinc 
smelter (Roskill’s Letter from Japan, 2014a). in the Republic 
of Korea, Korea Zinc Ltd.’s Onsan zinc-lead refinery had the 
capacity to produce 3,000 t/yr of refined cadmium, and Young 
Poong Corp.’s Sukpo zinc refinery had the capacity to produce 
1,400 t/yr of cadmium. most of the cadmium produced in the 
Republic of Korea was exported to China. in india, Hindustan 
Zinc Ltd. (HZL) produced cadmium metal at its Chanderiya 
lead-zinc smelter complex and debari zinc smelter. The two 
plants had a combined cadmium production capacity of 695 t/yr. 
HZL closed its Vizag zinc smelter (140 t/yr of cadmium 
production capacity) in the first quarter of 2012 owing to higher 
operating costs and marginal production volumes compared 
with its other plants (Hindustan Zinc Ltd., 2012). Binani Zinc 
Ltd. also produced a small amount of cadmium at its zinc 
plant in Binanipuram, india. Production capacity was 80 t/yr 
of cadmium. in australia, Nyrstar’s Hobart zinc smelter in 
Tasmania produced an estimated 300 to 400 t/yr of cadmium 
metal from zinc concentrates sourced from zinc-lead mines 
in australia.

North America.—Refined cadmium was produced in 
Canada, mexico, and the united States. Teck Resources Ltd.’s 
metallurgical complex in Trail, British Columbia, Canada, 
could produce up to 1,400 t/yr of refined cadmium. Cadmium 
metal products included balls, billets, and sticks for NiCd 
battery manufacturing and continuously cast cadmium sheet for 
radiation shielding. Teck also produced cadmium chemicals. 
HudBay Minerals Inc.’s copper smelting and zinc refining 
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operations in Flin Flon, manitoba, Canada, also produced 
cadmium metal. most of the cadmium produced in Canada 
was exported for processing. in mexico, industrias Peñoles 
S.a.B. de C.V.’s met-mex metallurgical complex in Torreon 
produced 832 t of cadmium in 2013, and Grupo méxico 
S.a.B. de C.V.’s zinc smelter in San Luis Potosi produced 
about 600 t of cadmium in 2013, unchanged from that of 2012 
(industrias Peñoles S.a.B. de C.V., 2014; Southern Copper 
Corp., 2014, p. 61).

Europe and Central Eurasia.—Cadmium metal was 
produced at KCm S.a.’s Plovdiv smelter in Bulgaria; at Xstrata 
plc’s Nordenham zinc smelter in Germany; at Kazzinc JSC’s 
metallurgical complex in ust-Kamenogorsk, Kazakhstan; at 
Nyrstar’s Budel zinc smelter in the Netherlands; at Boliden 
aB’s Odda zinc smelter in Norway; at Huta Cynku’s zinc 
smelter in Poland; and at Chelyabinsk Zinc Plant OJSC’s zinc 
refinery and Ural Mining and Metallurgy Co.’s Electrozinc lead-
zinc refinery in Russia. In September 2012, Olovno-Tzinkov 
Complex ad’s (OTZK) zinc smelter in Kardzhali, Bulgaria, 
was sold to Harmony 2012 Ltd. for $8.6 million after OTZK 
failed to resolve its debt with the Bulgarian First investment 
Bank, a leading lender to OTZK. in 2013, the Kardzhali local 
government announced that Harmony 2012 would begin a 
large-scale renovation of the plant in June 2014 (Novoinite.com, 
2013). The smelter had the capacity to produce 30,000 t/yr of 
zinc and a small amount of byproduct cadmium.

South America.—a small amount of primary cadmium 
was produced in South america at three zinc smelters—
Glencore international aG’s Sulfacid plant in argentina and 
Votorantim metais’ zinc smelters in Juiz de Fora, Brazil, and 
Cajamarquilla, Peru.

Outlook

Concern over cadmium’s toxicity has spurred legislation, 
especially in the European union (Eu), to restrict the use of 
cadmium in most of its applications. in October, the European 
Parliament amended the Eu Battery directive (2006/66/EC) to 
prohibit the inclusion of NiCd batteries in cordless power tools 
beginning in 2017 (European Parliament, 2013). The initial 
directive, which went into effect in 2008, banned all NiCd 
batteries from the Eu market, except those used in cordless 
power tools, emergency systems, and medical equipment.

However, cadmium-containing residues will continue to 
be produced as a byproduct from zinc smelting, regardless of 
cadmium demand. if the applications and markets for cadmium 
continue to decline, excess byproduct cadmium may need to be 
permanently stockpiled and managed.

NiCd batteries had been favored for use in less expensive 
consumer appliances and electronics owing to their cost 
advantage over other battery chemistries. during the past few 
years, lithium-ion batteries have begun to replace NiCd batteries 
in some low-cost electronics, as the manufacturing cost of 
lithium-ion batteries has been decreasing and their electrical 
storage capacity has been increasing. according to Robert 
Bosch GmbH, a leading manufacturer of power tools, 74% of 
cordless power tools sold in 2012 were powered by lithium-ion 
batteries compared with 26% in 2007 (müller, 2013).

NiCd batteries, however, are expected to continue to be 
used in certain industrial applications because of their superior 
reliability and stability compared with the other rechargeable 
battery technologies, and consumption may actually increase 
owing to increased usage in some industrial applications. NiCd 
batteries power some battery-powered electric vehicles and are 
also used in a limited number of hybrid electric vehicles. NiCd 
batteries also are used as buffers in transportable, renewable 
hybrid-power systems developed to generate electricity in 
remote locations and underdeveloped regions. industrial-
sized NiCd batteries potentially could be used to store energy 
produced by certain on-grid solar or wind systems. Excess 
energy generated during periods of low electricity demand could 
be stored in a battery storage system, from which it would later 
be dispatched during periods of high electricity demand. NiCd 
may be a favored battery chemistry for this use owing to its 
stability in offshore and harsh weather environments.
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GENERAL SOURCES OF INFORMATION

U.S. Geological Survey Publications

Cadmium. Ch. in mineral Commodity Summaries, annual.
Cadmium. Ch. in united States mineral Resources, Professional 

Paper 820, 1973.
Cadmium (Cd). Ch. in metal Prices in the united States 

Through 2010, Scientific Investigations Report 2012–5188, 
2013.

2009 2010 2011 2012 2013
united States:

Production of metal2 metric tons 633 637 W W W
Shipments of metal by producers do. 737 563 W W W
Exports of metal, alloys, scrap                           do. 661 306 271 631 417
imports for consumption, metal, alloys, and scrap do. 122 221 211 192 387
apparent consumption of metal do. 199 477 W W W
Price, average, New York dealer3 dollars per pound 1.30 1.77 1.25 0.92 0.87

do.3 dollars per kilogram 2.87 3.90 2.76 2.03 1.92
World, refinery production                metric tons 20,800 r 23,400 r 21,000 r 22,300 r 22,000 e

3Price for 1- to 5-short-ton lots of metal having a minimum purity of 99.95% (Platts metals Week).  

TaBLE 1
SaLiENT Cadmium STaTiSTiCS1

eEstimated. rRevised. do., do. ditto. W Withheld to avoid disclosing company proprietary data. 
1data are rounded to no more than three significant digits, except prices.  
2Primary and secondary cadmium metal. includes equivalent metal content of cadmium sponge used directly in production of compounds.  

2009 2010 2011 2012 2013
Producer stocks, January 12 132 27 W W W
Production 633 637 W W W
imports for consumption, metal, alloys, and scrap 122 221 211 192 387

Total supply 887 885 W W W
Exports of metal, alloys, scrap 661 306 271 631 417
Producer stocks, december 312 27 102 W W W
Consumption, apparent3 199 477 W W W

2Beginning stocks may not equal ending stocks of the prior year owing to inventory adjustments. 
3Total supply minus exports and yearend stocks.   

TaBLE 2
SuPPLY aNd aPPaRENT CONSumPTiON OF Cadmium mETaL1

(metric tons)

1data are rounded to no more than three significant digits; may not add to totals shown.  
W Withheld to avoid disclosing company proprietary data.

Historical Statistics for mineral and material Commodities in 
the united States. data Series 140.

Other

Cadmium. Ch. in minerals Facts and Problems, u.S. Bureau of 
mines Bulletin 675, 1985.
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Quantity Quantity
(kilograms) Value (kilograms) Value

Cadmium (Cd) metal:2

Canada 24,000 $127,000 15,400 $130,000
China 425,000 780,000 335,000 521,000
Colombia 12,900 27,300 -- --
France -- -- 20,100 70,600
Germany 15,200 401,000 -- --
Hong Kong 148,000 89,200 -- --
india 541 24,300 20,100 41,000
italy 1 3,000 923 8,420
Korea, Republic of 216 14,200 14,000 69,100
mexico 1,500 12,800 209 10,900
Netherlands -- -- 7,870 35,100
Singapore 2,540 19,000 1,270 7,700
united Kingdom 981 58,600 34 6,610
Other 721 r 27,500 r 1,910 98,300

Total 631,000 1,580,000 417,000 999,000
Of which:

unwrought and powder 253,000 406,000 131,000 327,000
Waste and scrap -- -- 20,400 43,400
Other 378,000 1,180,000 266,000 629,000

Cadmium sulfide, gross weight:
China -- -- 5,710 2,970
Finland 9,340 4,850 -- --

Total 9,340 4,850 5,710 2,970
Total, calculated Cd content 7,260 XX 4,440 XX

Cadmium pigments:
argentina -- -- 1,340 31,000
Brazil 56,700 400,000 2,310 23,400
Canada 11,300 178,000 32,700 387,000
Chile 1,260 7,310 9,700 32,300
China 12,700 95,800 1,540 13,900
Colombia 1,200 51,800 8,210 59,100
dominican Republic 860 15,100 542 5,270
Ecuador -- -- 535 29,400
El Salvador 220,000 354,000 141,000 234,000
Germany 423 11,500 8,430 44,100
Guatemala 455 5,990 -- --
Hong Kong 1,820 21,900 -- --
india 11,000 28,100 -- --
israel 2,950 32,200 -- --
italy 699 57,900 1,110 74,800
Jamaica -- -- 1,680 41,400
Korea, Republic of 12,200 53,200 -- --
mexico 1,530,000 5,110,000 2,030,000 6,520,000
Netherlands 2,110 7,940 26,900 118,000
Peru 355 4,940 5,910 58,900
Taiwan 100 4,580 5,450 60,500
Trinidad and Tobago 50,700 142,000 52,500 155,000
united arab Emirates 3,800 25,800 -- --
united Kingdom 451 8,750 262 18,400
Vietnam -- -- 1,560 6,020
Other 5,000 r 86,100 r 14,800 486,000

Total 1,920,000 6,700,000 2,340,000 8,400,000

TaBLE 3
u.S. EXPORTS OF Cadmium PROduCTS, BY COuNTRY aNd TYPE1

rRevised. XX Not applicable. -- Zero.  
1data are rounded to no more than three significant digits; may not add to totals shown.  
2includes exports of unwrought cadmium, other cadmium, and waste and scrap.  

Source: u.S. Census Bureau.  

2012 2013
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Quantity Quantity
(kilograms) Value (kilograms) Value

Cadmium (Cd) metal:2

australia 59,000 $152,000 126,000 $369,000
Belgium 6,290 177,000 22,000 100,000
Canada 45,400 688,000 137,000 370,000
China 236 6,700 102,000 239,000
France -- -- 27 5,270
Germany -- -- 238 28,500
india 2 4,250 16 32,900
italy -- -- 1 2,480
Japan 22 39,900 -- --
mexico 40,000 88,800 -- --
Spain -- -- 110 2,040
united Kingdom 41,400 124,000 16 13,600

Total 192,000 1,280,000 387,000 1,160,000
Of which:

unwrought and powder 170,000 1,160,000 284,000 739,000
Waste and Scrap 1,280 21,500 16 32,900
Other 21,300 97,000 104,000 391,000

Cadmium oxide:
Belgium 65,000 659,000 88,000 931,000

Total, calculated Cd content 56,900 XX 77,000 XX
Cadmium sulfide, gross weight:

Canada 18,200 107,000 7 2,250
Germany 25 12,800 1 2,540
malaysia 11,700 32,200 -- --
Russia 4,000 788,000 6,850 1,260,000
united Kingdom 3 6,300 2 4,200

Total 34,000 946,000 6,860 1,270,000
Total, calculated Cd content 26,400 XX 5,340 XX

Cadmium pigments:
Belgium 2,920 43,600 600 8,910
Brazil 2,950 118,000 10,900 416,000
Canada 2,000 34,300 28,100 174,000
China 33,200 1,270,000 180,000 10,600,000
Colombia 3,000 12,000 -- --
Finland 584 5,510 -- --
Germany 235,000 1,320,000 124,000 790,000
Japan 2,920 296,000 4,800 448,000
Sweden -- -- 1 3,920
united Kingdom 72,200 1,340,000 72,500 1,330,000

Total 355,000 4,450,000 421,000 13,700,000

Source: u.S. Census Bureau.  

2012 2013

TaBLE 4
u.S. imPORTS OF Cadmium PROduCTS, BY COuNTRY aNd TYPE1

XX Not applicable. -- Zero.  
1data are rounded to no more than three significant digits; may not add to totals shown.  
2includes imports of unwrought cadmium, other cadmium, and waste and scrap.  
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Country3 2009 2010 2011 2012 2013e

argentina 36 32 31 37 r 30
australiae 370 350 390 380 380
Brazile 200 200 200 200 200
Bulgariae 420 420 420 420 400
Canada4 1,299 1,357 1,240 r 1,286 r 1,400
Chinae 7,050 7,360 6,670 r 7,000 r 7,000
Germanye, 4 278 290 300 300 300
india5 553 r 550 r 449 r 450 r, e 450
Japan 1,824 2,142 r 1,755 1,855 r 1,826 6

Kazakhstane 1,300 1,400 1,300 1,200 r 1,200
Korea, Northe 200 r 200 r 200 r 200 r 200
Korea, Republic of 2,500 4,166 3,005 3,904 r 4,000
mexico 1,510 1,464 1,485 1,624 1,489 6

Netherlandse 490 560 570 560 560
Norway 249 300 309 310 e 290
Peru 289 357 572 684 695 6

Poland 534 451 526 370 r 400
Russia 1,100 r 1,200 r 1,600 r 1,500 r 1,200
united States4 633 637 W W W

Total 20,800 r 23,400 r 21,000 r 22,300 r 22,000

6Reported figure.

data available through may 6, 2014.
2World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown.
3in addition to the countries listed, italy and North Korea produced cadmium, but available information is inadequate to make reliable 
estimates of output levels.
4includes secondary. 
5Reported on a fiscal-year basis from april 1 to march 31.

TaBLE 5
Cadmium: WORLd REFiNERY PROduCTiON, BY COuNTRY1, 2

(metric tons)

eEstimated. rRevised. W Withheld to avoid disclosing company proprietary data; not included in “Total.”
1This table gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and imported origin. Sources 
generally do not indicate if secondary metal (recovered from scrap) is included or not, where known, this has been indicated by a footnote. includes


